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ANNOTATION 


In  articles  of  collection  there  is 
correlated  native  and  foreign  experience 
in  application  of  contsaiporary  aluninum 
alloys  as  building  Baterlal,  and  there 
are  presented  data  on  actual  perfom- 
ance  of  elenents  of  structures,  articles, 
and  parts  froB  this  Baterlal.  In 
collection  there  is  considered  conten- 
porary  state  of  question,  and  field  of 
application  of  alusinuK  allc^  in  con¬ 
struction  is  detendned;  e3q)erisnce  in 
designing,  manufacture,  assanbling,  and 
exploitation  of  strictures  is  illuKinated; 
there  are  glvan  exaiq>les  of  native  struc¬ 
tures  planned  and  build  with  application 
of  aloBima  alloysi  there  are  given  the 
aspects  of  technic^  modes  of  designing 
of  building  structures  from  these  allies 
and  main  problems  of  scientific  research 
works  on  application  of  aluminum  alloys 
in  construction. 

This  bo<A  is  designed  for  engineer- 
builders,  production  workers  and  desi^iers, 
workers  of  building  materials  industry, 
workers  of  scientific  research  institutes, 
and  also  for  post  graduates  and  studmts 
of  technical  institutes. 
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PREFACE 

Dhder  conditions  of  construction  carried  out  in  USSR  application  of  new, 
light  building  materials,  an  important  place  among  which  is  occupied  by  aluminum 
alloys,  is  acquiring  great  value. 

It  is  natural,  therefore,  that  subject  "Building  Structures  From  Aluminum 
Alloys"  is  included  in  plan  of  the  most  important  scientific  research  works  of 
state  construction  in  USSR. 

Coordination  of  all  scientific  research  works  on  this  subject  is  entrusted  to 
Central  Scientific  Research  Institute  of  Building  Structures  ( TrfCISI)  ASIA  USSR, 

At  regular  coordination  conference  at  TaRHSKf  which  took  place  in  March  1960 
under  acting  chairmanship  of  member  of  ASIA  USSR  B,  I.  Belyayev,  a  reso’ution  was 
taken  about  publication  of  collection  of  articles  reflecting  results  of  collective 
work  on  this  subject  conducted  according  to  coordination  plan  in  a  number  of 
scientific  research,  planning,  industrial  organisations,  and  in  faculties  of 
technical  colleges. 

In  this  collection  there  are  included  works  presented  during  I960  toTaRIISK 
for  publication. 


Board  of  Central  Scientific  Research 
Institute  of  Building  Structures, 
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BASIC  PROBLEMS  IN  PREPARATION  POR  BROAD  APPUCATION  OF 
ALUMINUK  AIXOTS  IN  CONSTRUCTION 

Or.  Tech.  Sciences,  Professor  S.  V.  Taranorakiy 
1.  Introducti<Mi 

Prograa  of  Cosnunlst  Party  of  Soviet  Union,  accepted  by  XXII  Congress  of 
CoMBunist  Party  aaong  a  nunber  of  other  probleas  of  party,  pro*:  ides  for  further 
rapid  increase  of  the  production  of  Mtal.  Especially  to  be  accelerated  is  pro¬ 
duction  of  light,  nonfex*rou8,  and  rare  ■stale,  output  of  aluadnuB  will  be  signifi¬ 
cantly  increased,  ao  will  its  application  in  electrification,  aachine  building, 
construction,  and  in  everyday  life. 

Basic  aerits  of  aluainun  alloys  as  building  aaterials  are  its  lightness, 
strength,  high  technological  effectiveness,  durability,  and  good  appearance. 

Certain  disadvantage  of  aluninvi  and  aluainuB  alloys*  is  lowered,  as  coopered 
to  steel,  value  of  aodulus  of  longitudinal  elasticity,  which  shows  up  negatively 
during  calculations  for  resistance  and  Increases  deforeatlon  of  structures  and 
elenents  fron  altadmaa  alloyr^  This  peculiarity  of  aluBlnvei  alloiys  wust  be  in 
all  possible  ways  considered  during  designing. 

However,  lowered  elastic  aodulus  of  aluainua  alloys  evokes  decrease  of  second¬ 
ary  stresses  during  change  of  teapereture  or  settling  of  supports  In  static, 

«In  the  future  coaeereial  alaalnua  and  aliadniBi  alloys  will  be  conditionally 
united  under  the  general  designation  "aluainia  alloys. " 


Inci«t«nnlnftbl6  systema  and  Improvaaent  of  ability  of  atructura  to  idthatand  dynamic 
and,  eapecially^  aajamlc  influancea. 

Alumintins  allpya  flrat  found  application  in  conatructlon  in  the  laat  century  - 
InitJaily  as  decorative  material  and  mterlal  for  unloaded  or  allghtly  loaded 
articles,  but  starting  approximately  fr«n  the  Thirties  of  this  century  -  also 
load-bearing  structures. 

At  present  the  United  States  expend  on  construction  per  year  nearly  2(yjlif  and 
England,  FRG,  and  France  expend  nearly  6%  of  total  consumption  of  aluminum  for 
this  p\u*pose. 

In  USSR  industrial  output  of  aluminum  began  only  in  Thirties  of  this  century. 

In  spite  of  intensive  growth  of  native  aluminum  industries,  great  needs  for  this 
material  in  a  number  of  branches  of  People's  Econcqy  until  now  led  to  limited 
application  of  aluminum  alleys  in  construction. 

Specific  character  of  aluminum  alloys  as  building  material  requires  serious 
preraration  for  wide  application  of  them  in  construction  in  connoction  with  the 
most  isnediate  problem  of  creation  of  structures,  articles,  and  parts  meeting  high 
techrdcal  standard. 

A  future  problem  will  be  rapid  rate  of  quantitative  grovfth  of  building  struc¬ 
tures  from  aluminum  alloys.  High  technical  level  of  created  structures,  articles, 
and  parts  (in  the  future  combined  under  general  designation  of  structures)  requires: 

a)  thorough  study  and  enlistment  of  everything  useful  that  gave  and  gives 
application  of  aluminum  alloys  in  other  fields,  for  instance  in  aviation  and 
shipbuilding; 

b)  use  of  the  quite  broad  foreign  experience  in  application  of  aluminum  allays 
in  constzniction, 

c)  use  of  native  experience  of  scientific  research  works  on  designing  and 
manufacture  of  steel  building  structures. 


Relatively  little  practical  experience  of  number  of  native  scientific 
research,  desiini,  and  industrial  organisations,  and  also  faculties  of  technical 
colleges  shows,  however,  that  points  enumerated  in  pars,  "a”,  "b,"  and  "c"  are 
Insufficient. 

Actually,  the  greatest  experience  in  application  of  structures  from  aluminum 
alloys  is  in  aviation.  However,  building  structures  differ  radically  from  those 
of  aviation  in  degree  of  longevity,  character  of  loads,  structural  forms,  and 
necessity  of  techno-econosiic  comparison  with  other  building  materials. 

Experience  in  application  of  alusiinum  alloys  in  shipbuilding  is  considerably 
less  than  in  aviation,  but  it  deserves  attention  during  development  of  technology 
of  welding  of  building  structures. 

Use  of  broad  foreign  experience  in  application  of  altndnum  alloys  in  construc¬ 
tion  requires  specially  critical  reference  to  this  source  for  possibility  of  use 
of  all  that  is  useful  and  relative  to  our  conditions. 

Use  of  experience  in  designing  of  steel  structures  is  one  of  the  powerful 
means  of  preparation  for  broad  application  of  alumintmi  alloys  in  construction. 

H'swever,  it  is  absolutely  necessary  here  to  thoroughly  consider  difference  of 
physico-mechanical  parameters  of  aluminum  alloys  and  steel,  peculiarities  of 
manufacture  of  semi-finished  products,  assemblies  and  structures,  distinction  in 
exploitaticnal  characteristics,  and  also  techno-economic  factors. 

In  connection  with  limited  possibilities  of  use  of  above-sientloned  data  for 
broad  preparation  for  application  of  aluminum  alloys  ii  construction  of  absolute 
necessity  are  development  of  scientific  research  works,  experimem  .al  and  real 
designing,  creation  of  an  industrial  basis  for  manufacture  of  structures  from 
aluminum  alleys,  collection  and  correlation  of  data  on  exploitation  of  these 
structures,  and  moz*e  precise  definition  of  field  of  their  application  on  the  basis 
of  analysis  of  their  techno-economic  characteristics. 

At  present,  as  a  result  of  correlation  conducted  in  USSR  of  collective  work 


> 


on  appHcAtlon  of  aluminum  alloys  In  construetlonf  it  is  possible  to  bring  in 
initial  results  and  to  outline  the  most  important  avenues  of  continuation  of  this 
work. 


2 ,  Selection  of  Brands  of  Aluminum  Alloys  and  Types  of 
Joints  for  Building  Structux*es 

a)  Material  for  Structures 

In  all  countries  building  structiu*es  are  made  from  aluminum  alloys  of 
different  brands. 

Propert.ies  of  these  alloys  are  less  stable  than  for  structural  steels,  in¬ 
asmuch  as  modernisation  Is  being  conducted  of  existing  alloys,  and  new  brands  of 
alloys  are  being  created. 

Only  with  growth  of  scale  of  application  of  aluminum  allpys  in  construction 
are  there  created  brands  intended  chiefly  for  application  in  construction. 

Basle  requirements  set  forth  for  aluminum  alloys  as  building  material  are: 

1)  high  technological  effectiveness,  ensurixig  receipt  of  semifinished  pro¬ 
ducts  of  necessary  form; 

2)  high  technological  effectiveness  of  resolution  of  joints; 

3)  longevity  of  material  (in  durability); 

A)  longevity  of  external  appearance  of  structures; 

5)  high  strength  of  basic  material; 

6)  high  strength  of  joints; 

7)  relatively  low  cost  of  material  (semifinished  products), 

8)  relatively  low  cost  of  manufacture  of  building  structures  from  aluminum 
alloys. 

Enumerated  requirements,  however,  are  IneonqMitlble;  principal  and  determining 
of  them  are  shown  in  pars.  3,  7,  end  8.  Therefore,  depending  up<m  purpose  of 
structure  in  TU  SN  [Technical  Specs  and  Construction  Norms]  113-60  there  is 

provided  Tor  application  of  different  aluminum  alloys. 


Thus,  for  structures  combining  functions  of  enclosing  and  load  bearing 
(coverings  of  buildings  in  the  form  of  shells,  roof  and  wall  panels,  stained  glass 
panels,  sashs,  etc.),  basic  attention  should  be  allotted  questions  of  resistance 
to  corrosion.  Questions  of  strength  of  material  have  less  value  here. 

In  conformity  with  this  there  are  recomnended  in  this  case  deformed  alloys  of 
systems:  aluminum-manganese;  aluminum-magnesium;  and  aluminum-magneslum-silicon. 

Basic  calculated  resistances  to  extension,  compression,  and  bend  of  these  al¬ 
loys  constitute  2i4-66;’'  of  basic  calculated  resistance  for  stee.!  of  brand  of  bt.  3. 

For  load-bearinr,  welded  structures  there  should,  naturally,  be  applied  welded 
aluminum  alleys  possessing  sufficiently  high  strength  properties.  To  these  belonr 
certain  alloys  of  system  aluminum-magnesium,  and  alloys  of  systems  aluminuiri- 
magnesium-silicon  and  aluminum-zincHnagnesium. 

Basic  calculated  resistances  of  these  alloys  constitute  67-119!^  of  basic  cal¬ 
culated  resistance  of  steel  of  brand  St,  3.  Finally,  for  load  bearing,  riveted 
sturctares  there  are  recommended  alloys  of  systems  aluninum-magnesium-silicon  and 
aluminurr.-cojiper-magnesium  (duralumin),  Basic  calculated  resistances  of  these 
alloys  constitute  76-138^  of  calc\ilated  resistances  for  steel  of  brand  St.  3. 

It  is  necessary  to  note  that  strength  characteristics  of  aluminum  allqys 
applied  in  construction  depend  on  a  number  of  factors.  They  are: 

a)  type,  brand,  and  state  of  alloy; 

b)  type,  form,  and  dimensions  of  semifinished  products; 

c)  presence  and  thickness  of  plated  layer, 

d)  presence  of  copper  in  alloys  of  type  AV  (alumlnuro-magnesium-silicon); 

e)  increase  of  temperature  (over  50*),  etc. 

Enumerated  factors,  naturally,  to  a  different  degree  appear  in  different 
alloys. 

The  clearest  example  of  influence  of  form  and  diomsions  of  semifinished 
products  can  be  thermally  hardened  alloy  V92-T  of  system  alumlnu»>sinc-magnesium. 


for  %ihlch  basic  calculated  resistance  for  rolled  sheets  constitutes  1700  kg/cm^, 
and  for  extruded  profiles  and  tubing  -  ?500  kg/cm  . 

Questions  of  general  appraisal  of  contemporary  aluminum  alloys  as  material 
are  illuminated  In  this  collection  In  two  articles. 

The  first  of  these  articles,  that  by  Dr.  of  Tech,  .Sciences  I,  N.  Fridlyander, 
contains  general  consideration  of  contemporary  aluminum  alloys,  In  the  first  place 
the  deformed,  with  introduction  of  new  data  on  those  alloys  necessary  for  builders. 

Besides  deformed  alximinum  alloys.  In  article  there  are  also  considered  cast 
alleys,  baked  aluminum  powders  and  alleys,  and  foamy  aluminum. 

Second  article,  by  N.  M.  Edol*man,  engineer,  Is  devoted  to  consideration  of 
foreign  and  native  aluminum  alloys  for  construction. 

In  examining  of  native  aluminum  alloys  the  most  attention  is  allotted  new 
alloys  of  system  alumlniim-magneslum-slllcon,  including  alloys  AD31,  AD33. 

Content  of  these  articles  facilitates  problems  of  selection  of  brands  and 
states  of  aluminum  alloys  for  building  structures  of  different  purpose. 

Article  by  workers  of  All-Union  Scientific  Research  Institute  of  Transport 
Construction  L,  P.  Shelestenko,  Cand,  of  Tech.  Sciences  and  Yu.  M.  Nagevlch,  enr:i- 
neer,  contains  results  of  investigations  conducted  in TsNIISK  [Central  Scientific 
Research  Institute  of  CooBiunlcations j,  of  Mlntransstroy  of  physlco -mechanical 
properties  of  aluminum  allqys  designed  chiefly  for  load-bearing,  bridges  struc¬ 
tures.  In  this  article  there  is  made  comparison  of  primary  diagrams  of  compression 
and  extension. 

Questions  of  comparison  of  mschanical  characteristics  of  aluminum  alloys 
under  extension  and  compression  are  illuminated  also  in  article  by  Tu.  S.  Mkrehants, 
engineer,  (  T^ISX,ASiA  and  USSR). 

As  a  result  of  investigations  conducted  in  1959-1960  in  TdfllSK  by  author  of 
article  on  an  original  device,  there  were  revealed  certain  divergences  in  magni¬ 
tudes  of  limits  of  proportionality  and  conditional  yield  point  in  samples  f^om 


alloy  ni6oT  under  extension  and  compression^  which  requires  use  of  diagra,4  of 

$ 

compression  for  exact  solution  of  problems  of  stability. 

b)  Joints 

Practice  of  aircraft  building  gives  littls  data  for  resolution  of  Joints  of 
building  structures  from  aluminiim  alloys,  cving  to  insufficiensy  of  data 
welding  and  absence  of  broad  experience  in  setting  of  rivets  of  large  diameters. 

In  this  sense  the  experience  of  shipbuilding  may  be  more  useful  for  building 
structures. 

The  most  complicated  problem  for  welded  Joints  is  creation  fo  full  value, 
in  strength,  butt  weld,  inasmuch  as  until  now  the  strength  of  butt  welds  for  all 
weldable  aluminum  alloys  was  lowered  as  compared  to  strength  of  basic  material. 
Complicated  also  are  the  establishment  and  decrease  of  width  of  tone  of  thermal 
influence. 

These  difficulties  are  in  significant  measure  based  on  specific  character  of 
influence  of  heating  on  aluminum  alloys,  especially  the  thermally  hardened. 

Setting  of  cold  rivets  of  large  diameter  also  evokes  production  compllcaticms. 

The  noted  difficulties  are  gradually  decreasing,  which  is  promoted  not  only 
by  development  of  basic  forms  of  Joints  (welding,  riveting,  and  bolts),  but  by 
introduction  of  new  Joints,  for  instance  hi^-strength  bolts,  bolts  with  squee^bu 
rings,  etc. 

Essence  of  bolts  with  squeeae  rings,  sonetlmes  called  lock  bolts  abroad.  con> 
sists  in  separaticm  of  bolt  into  two  parts  (Fig.  1):  stem  with  head  and  locking 
(squeete  ring).  The  st«n  part  can  be  made  of  highostrmngth  allays  or  of  steel 
(with  protective  coverings  against  corrosi(m).  whereas  squeeze  ring  is  omde  of 
ductile,  light  alloy. 


i: 


Fig.  1.  Bolt  with  squeose  ring  (lock  bolt). 

Setting  of  bolts  with  squeeze  rings  is  cerried  out  with  help  of  light 
tightening  gun,  which  is  ectiveted  by  pneumatic  drive,  consisting  of  compressor 
and  flexible  hose. 

Sequence  of  operations  in  installation  of  bolt  with  squeeze  ring  is  shown 
in  Fig.  2. 

At  present  bolts  with  squeeze  rings  are  prepared  in  this  country  with 
diameter  to  10  nn  with  tendency  toward  increase  of  this  diameter  to  12->14  nn. 

As  compared  to  rivets  made  from  aluminum  alloys,  bolts  with  squeeze  rings 
ensure  increase  of  their  load-bearing  ability  to  resist  shear  and  breaking  away  of 
head. 

Comparison  of  certain  strength  characteristics  of  material  and  joints  from 
aliardnum  alleys  (according  to  TU  SN  113-60}  with  those  of  steel  (according  to 
NiTU  121-55)  is  given  in  Table  1  for  welded  structures  and  in  Table  2  for  riveted 
structures. 

Cceqmrison  of  load-bearing  ability  of  riveted  joints  in  structures  from 
aluminua  allc^  with  riveted  joints  of  steel  structures  made  from  St.  3  with 
rivets  of  St.  2  (rivet),  is  presented  in  Table  2. 


Chair^cterlstic 


Brand  and  stata  of  aluminum  allogrt  for 
maldad  atructuraa 


A>ig63JAD3>Tl 


AV-n 


Shaad 


Extruded 

ProfUe 


Basic  calculated  resis¬ 
tance  R  (to  extension, 
compression  a^  bend): 

in  kg/car . 

in  $  of  R  for  steel  of 
brand  of  St,  3  ...  . 
Calculated  resistance 
for  butt  veld  in  struc¬ 
tures  from  aluminum 
alloy*  5 

in  kg/cm^ . 

in  %  from  calcula¬ 
ted  resistance  for 
butt  meld  in  steel 
structures  (St.  3) 
and  on  electrodes 

of  type  S34 . 

T^e  sane,  with  elec« 
trodes  of  type  fiU  and 
E42A  and  automatic 
welding  under  layer  of 
flux.  . 


1400 

67 


1300 


100 


1800 

86 

1600 


123 


1600 

76 


1700  1700 
81  81 


1000 


1100 


1500 


77 


48 


85 


U5 


2500 

119 


1500 


115 


72 


62 


76 


52 


72 


'feble  2.  Comparison  of  i;tren/»th  Characteristics  of  Material  and  Joints  of 
Hiveted  iitructures  fnwi  Aluminum  Alloys  with  Those  of  Cteel 


Characteristic 


'  Hrands  and  state  of  aliiminum  alloys 
I  for  riveted  structures 
I  AD33-fiT  AV-n  Dl-r  ■  D16-T" 


!<asic  calculated  resistance  H  I 
(to  extension,  rtxn  press  ion,  and 
l>end); 

in  kr/cr.*’ . 

in  of  »■  for  steel  of  brand  I’t,  3; 


Calculated  resistance  to  shear  B  of; 
rivets  froTi  alloy  1)18 P; 
in  k.r/cm^; . 


in  of  calculated  resistance  to 
shear  B  of  rivets  from  steel  of 
brand  St.  2  (rivet); 


The  same-  from  alloy  V65: 
in  kr./cwr; . 


ICCO 

76 


1100  1100 


61  61 


1450  U50  I  U5C 


in  of  calculated  resistance  to 
shear  3  of  rivets  from  steel  of 
brand  Sta  2  (rivet); 


Calculated  resistance  to  crampling 
B  of  rivets  in  structures  from 


81  81 


alminum  alloys: 
in  k/i/cm2;  ,  ^  _ 


in  calculated  resistance  to 
crumpling  B  of  rivets  in  structures 
from  steel  of  brand  St .  3. 


2400» 

2400  TTTO  I  2900 


57  ^ 


3900 


♦In  numerator  for  alloy  with  copper  content  to  0.1^;  in  denominator  for 
alloy  with  copper  content  >0.1^. 


Above  aentioned  date  on  aaterlals  and  joints  allow  us  to  aake  following 
conclusions. 

1.  Calculated  resistances  of  aluainusi  alloys  intended  for  wel/ied  building 
structures  froa  aluainua  alloys  constitutes  67-1199K  with  respect  to  R  for  St.  3* 
However,  calculated  resistances  of  butt  welds  not  exceed  %%  of  calculated 
resistances  of  butt  welds  in  steel  structures  welded  by  electrodes  of  types  EA2 
and  £A2A,  and  autoaatically  under  layer  of  flux  in  structures  froa  steel  of  brand 
St.  3. 

2.  Calculated  resistances  of  aluainua  alloys  intended  for  riveted  building 
structures  froa  altadnua  alloys  constitute  76-13R9(  with  respect  to  R  for  St.  3. 
However,  calculated  resistances  of  rivet  joints  to  iriiear  constitute  61-R1S»  and 
to  cruapling  57-93^  of  corresponding  calculated  resistances  of  rivet  joints  froa 
St.  2  (rivet),  in  structures  froa  St.  3. 

3.  For  broad  preparation  for  application  of  alusinua  alloys  in  losd-bearing 
stmctures  the  aaasures  enuaerated  below  are  abeolntelgr  necessary: 

a)  perfection  and  wide  introduction  into  practical  use  of  now  brands  of 
aluainua  alleys  possessing  hi^er  calculated  reoistaacee  in  basic  aatarial  axid 
especially  in  joints;  an  exaaple  can  be  one  of  the  aessureo  outlined  for 
organisation  of  production  of  aaterlals  and  articles  for  construction  of  Mbrld- 
wide  Exhibition  in  Moscow  in  1967,  which  anticipated  creation  of  weldable  aluainua 
alloy  of  hi^  strength  for  large-span,  load  bearing  strueturee  rad  for  space 
structures,  eoabining  loed-bearing  and  enclosing  functions;  ealeulited  re^stance 
of  new  aaterial  is  contenplated  within  liaits  of  2400-3000  kg/oa?  with  calculated 
resistance  of  butt  weld  within  limits  of  2000-2100  kg/ea^; 

b)  All  possible  reduction  of  quantity  of  joints  by  aesns  of  increase  of  diaen- 
sions  of  extruded,  rolled,  and  shape-fonMd  ele^'Ttta  in  both  area  of  esaes  eecticn 
rad  in  width,  height,  and  Iragth; 

c)  search  for  structural  foins  allowing  us  Ut  ^\spoaa  joints  in  lass  stressed 
places,  thereby  ensuring  full  value  use  of  oaleolated  rselstancee  of  bssie  astal; 


d)  parallel  with  further  iaprovenent  of  first  rate  welded  and  riveted  Joints 
it  is  necessary  in  all  possible  ways  to  continue  work  of  perfecting  of  other 
forms  of  Joints,  including  bolts  of  various  type,  glued,  etc. 

4.  nrineipal  technical  documents  on  above-mentioned  questions  must  be 
"Technical  Specs  of  Designing  of  Structures  from  Aluminum  Alloys"  (SN  113-60), 
azKi  also  technical  specs  on  materials  for  building  structures,  to  be  complied 
in  1961. 

Further  technical  progress  toward  improvement  of  basic  material  and  csfccially 
of  Joints  should  be  quickly  reflected  in  form  of  supplements  to  indicated  techni¬ 
cal  specs. 

Questions  of  role  of  Joints  in  structures  trca  aluminum  alloys  are 
illuminated  in  nximber  of  articles  of  this  collect  ion. 

Article  by  wenrkers  of  Nil  [Scientific  Research  Institute]  of  bridges  at 
Leningrad  Institute  of  Railroad  Transportation  Engineers  (LIIZhT)  Tu.  P.  Satayev, 
aiKl  cand.  Tech,  sciences  and  A.  A.  Savel'yev,  engineer  is  devoted  to  riveted 
Joints.  In  article  there  are  given  results  of  investigations  conducted  in  Nil  of 
bridges  at  LIIZhT  on  cold  riveting  of  load-bearing  structures  from  aluminum 
alloys. 

Article  by  I.  V.  Levitanskiy,  engineer  (MISI  [Moscow  "Order  of  the  Red  Banner 
of  Labor"  Construction  Engineering  Institute]  Im.  Kuybyahev)  contains  data  from 
theoretical  and  eacperimantal  investigations  of  nodal  Joints  of  tubular  alumlnua 
girders.  Works  were  conducted  by  the  author  (post  graduate  of  MISI)  Jointly  with 
GPI  [State  Plaiming  Institute]  ft'o^stal'konstruktaiya. 

Article  by  N.  Y,  Novotfiilova,  cand.  of  tech,  sciences  (Nil  of  t»lgdes  at 
LIIZhT)  illuminates  results  of  investigations  conducted  at  Nil  of  bridges  on 
detenrination  of  vibration  resistance  of  riveted  Joints.  Author  offers  valxies 
of  coefficlmts  7  of  lowering  of  allowed  streeeee  for  elements  wcorking  under 
Sim -alternating  and  variable  loede  of  span  structures  of  bridges  end  other  losd- 
beering  structures  made  from  alwinum  allays. 


3.  Manufacture  of  Semifinished  Products  and  Structures  from  Aluminum  AlJ.oys 


Development  of  aluminum  industry  is  determined  by  general  problems  of  national- 
economic  plan,  taking  construction  Into  account  as  one  of  basic  lr<ng-term  consumers 
of  a  large  quantity  of  aluminum  alloys. 

Output  of  semifinished  products,  sometimes  specially  called  rolling,  is  also 
organized  in  interests  of  all  consumers  of  aluminum  alloys.  Kxisting  catalogs 
of  extruded  profiles  are  gradually  expanding.  However,  builders  are  making  their 
demands,  volume  of  which,  naturally,  will  increase  with  expansion  of  apnlication 
of  aluminum  alloys  in  construction. 

Such  i^quirements  include: 

a)  perfection  and  introduction  of  special  assortsient  of  profiles  for  con¬ 
struction,  including  the  extruded,  shape-formed,  and  profiles  bent  from  sheets; 

b)  perfection  of  technical  documents  for  designing  of  special  profiles,  not 
included  in  assortment. 

This  work  is  conducted,  basically,  by  forces  of  Nil  on  construction  of 
Ministry  of  Construction  of  RSFSR  and  by  organisations, 

c)  the  fastest  output  of  profiled  sheets  with  height  of  corrugation  on  order 
of  100-200  m  and  with  different  corrugation  contour;  extremely  important  for 
ouilders  in  outpiit  of  elements  bent  to  large  radius. 

Questions  of  producticxi  of  semifinished  products  necessary  for  builders, 
although  sometimes  slowly,  however,  are  being  solved  in  interests  of  builders. 
However,  even  the  little  native  experience  testifies  to  deficiencies  that  worsen 
properties  of  structures  from  alumimsB  allogrs  (small  length  of  aemiflnlshed 
products  and  reqxdremsnts  presented  to  specifications  of  technology  of  manul'acture 
for  increase  .f  minlsum  thickness  of  extruded  profiles). 

The  most  difficult  todsy  is  question  of  manufacture  of  building  structures 
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from  aluminum  alloys.  As  it  la  known,  at  present  building  structures  from  aluminum 
alloys  are  made  either  in  steel  fabrication  factories,  or  in  factories  of  avia¬ 
tion  industry, 

Successful  example  of  first  trend  is  the  manufacture  in  1959  at  Chelyabinsk 
metal  fabrication  factory  im.  S.  Ordzhonikidze  of  30  sets  of  prefab-collapsible 
Rrain  elevators  for  virgin  lands,  planned  by  GPI  Promzernoproyekt  with  participa¬ 
tion  of  a  number  of  organizations, 

A  number  of  structures  from  aluminum  alloys  are  made  at  Sokolovskiy  metal 
fabrication  factory  of  Ministry  of  Construction  of  RSFSR,  Separate  structures 
are  manufactured  by  forces  of  scientific  research  and  design  institutes. 

Distribution  of  orders  for  building  structures  of  aviation  factories  evokes 
a  number  of  inherent  dlflculties. 

In  connection  with  this  an  indispensable  condition  for  broad  preparation  for 
application  of  alismlnum  alloys  in  construction  is  creation  of  industrial  power 
specially  intended  for  manufacture  of  building  structures  from  aluminum  alloys. 

Such  an  industrial  basis  should  provide  high-quality  manufacture  of  all 
necessary  building  structures  from  altiminum  alloys  Intended  for  scientific  and 
experimental  investigations  and  also  for  practical  (in  first  years,  essentially, 
experimental)  construction. 

Amassed  experience  of  manufacture  of  building  structures  from  aluminum  alloys 
will  allow  us  qualitatively  to  work  out  necessary  technical  specifications  for 
manufacture  of  building  structures  frcmj  aluminum  alloys  and  thereby  to  supplement 
and  develop  the  presently  existing  GPI  Promstal'konstmiktsiya,  GPI  Proektstal'- 
konstruktsiya,  and  TsNIISK  ASIA  project  of  instruction  in  manufacture  and 

assembling  of  building  structures  from  aluminum  alloys. 

In  article  by  A.  G.  Innerman,  Cand.  of  Tech.  Sciences  (Nil  on  construction  of 
Minstroy  of  RSFSR)  there  is  expounded  method  of  compiling  the  assortment,  developed 


with  respect  to  specific  properties  of  aluminum  alloys  and  peculiarities  of  pro> 
duction  from  them  of  pressed  profiles.  Article  contains  data  on  draft  of  assort¬ 
ment  intended  for  use  in  designing  of  load-bearing  structures  from  aluminum  alloys 
recommended  by  TU  SN  113-60, 

In  spite  of  comparative  simplicity  of  manufacture  of  profiles  and  many 
possibilities  of  technology  of  pressing,  presence  of  assortment  of  general- usage 
profiles  will  positively  influence  development  of  structures  frcan  aluminum  alloys. 

Among  a  number  of  other  questions  in  article  there  is  given  method  of 
construction  of  nomographs,  allowing  us  to  quickly  select  efficient  cross  sections 
of  centrally  compressed  rods,  in  which  there  is  completely  utilized  the  load- 
bearing  ability  both  with  respect  to  total  and  local  stability. 

Questions  of  manufacture  of  building  structures  from  aluminum  alloys  are 
partially  iUiiminated  also  in  a  number  of  other  articles  of  this  collection. 

4.  Resistance  of  Aluminum  Alleys  to  Corrosion 

Necessary  durability  of  alurainvim  alloys  requires  their  high  resistance  to 
corrosion.  Available  data  on  this  question  have  to  be  divided  into  two  groups, 
the  first  of  \diich  provide  for  preservation  of  necessary  durability,  and  secend- 
oreservation  of  both  durability  and  appearance  of  the  structure. 

High  durability  of  structures,  articles,  ajid  parts  from  aluminum  alloys  with 
correct  selection  of  brands  of  alloys  with  regaird  for  medium  in  idiich  they  will  be 
exploited  can  be  attained  in  a  number  of  cases  without  special  measures  of  protec¬ 
tion  against  corrosion,  because  of  natural  formation  on  surface  of  aluminum  alloys 
of  protective  oxidized  film. 

Analysis  of  foreign  source  material  on  corrosion  of  building  structures  from 
aluminum  alloy n  shows  that  corrosion  of  aluminiun  alloys  quickly  dies  down  in  time, 
which  leads,  for  instance,  to  a  situation  in  which  depth  of  corrosion  after  first 


year  of  exploitation  is  equal  to  depth  of  corrosion  for  subsequent  19  years. 

In  Fig.  3  there  are  given  data  on  depth  of  affection  by  corrosion  of  a  foreign 
alloy  comparable  approximately  to  native  alloy  AMts  after  twenty-years  period  of 
exploitation  in  costal  (marine),  industrial,  and  tropical  regions. 

As  can  bo  seen  from  Fig.  3.  maximum  depth  of  affection  after  2.0  years  in 
costal  (marine)  region  constituted  0.2  ram. 

Durability  of  structures  and  articles  from  aluminum  alloys  in  a  niimber  of 
cases  exceeds  by  several  times  the  durability  of  steel  structures;  as  examples  of 
this  are  upper  bonds  and  roofing  of  reservoirs  for  sulfurous  oil,  application  of 
aluminum  alloys  in  gas  conduits  in  the  presence  of  sulfurous  gas,  etc. 

At  the  same  time  there  are  a  number  of  aggressive  media  (chiefly  alkali), 
where  application  of  aluminum  alloys  should  be  excluded. 

Thus,  it  is  necessary  to  study  thoroughly  favorable  and  unfavorable  factors 
for  application  of  aluminum  alloys  by  condition  of  protection  of  their  durability, 
which  should  be  carriud  out  by  means  of  analysis  of  foreign  data  and  by  making  of 
special  investigations  organized  in  Union  of  Soviet  Socialist  Republics,  for 
instance  in  YuzhNII  [Southern  Nil]  ASIA  Ukraninain  SSR. 

So  far  as  preservation  of  appearance  of  aluminum  alloys  and  avoiding  of  even 
slight  corrosion  (as  factor  disturbing  this  appearance)  is  concerned,  the  complex 
of  measures,  of  both  technological  and  exploitational  nature,  should  be  thoroughly 
worked  out  and  checked  under  actual  conditions  of  exploitation. 

On  the  whole  it  is  necessary  to  note  that  in  the  ovendielming  number  of  cases 
the  stability  of  aluminum  alloys  has  been  increased. 

Question  of  corrosion  resistance  of  aluminum  alloys  is  continuously  the  center 
of  attention  in  organizations  developing  aluminum  alloys.  Hero  it  is  considered, 
for  instance,  absolutely  rational  to  obtain  even  a  slight  lowering  of  strength 
properties  at  the  expense  of  increase  of  corrosion  resistance  of  alloy.  An 


example  of  this  is  limitation  of  copper  content  in  alloy  AV-T,  given  in  TU  SN  113'’ 
60,  leading  to  increase  of  corrosion  resistance  through  lowering  of  calculated 
resistances  by  approximately  100  kg/cm  ,  and  also  the  intended  transition  from 
alloy  AV-Tl  to  alloy  An33-Tl  with  problem  of  Increase  of  corrosion  resistance 
through  cex*tain  lowering  of  calculated  resistances. 


Fig.  3.  Characteristic  of  corrosion  resistance 
of  aluminum  alloys 


mean  value 
maximum  value 


} 


costal  region 


mean  value 
maximum  value 


Industrial  region 


mean  value 
maximum  value 


} 


tropical  region 


High  resistance  of  aluminum  alloys  to  corrosion  allows  us  to  apply  minimum 
thicknesses  of  semifinished  products  from  aluminum  alloys. 

1.5  nin-for  load-bearing  elements  located  Inside  building  and  for  elements 
protruding  to  exterior; 

3  mn-for  structures  in  open  air  (with  the  exception  of  projecting  elements); 
0.3  inn-for  roofing  and  wall  panels  with  appropriate  form  of  profile  ensuring 


stability  of  section. 


Questions  of  corrosion  resistance  of  aluminum  alloys  In  building  structures 
are  Illuminated  In  article  by  workers  of  YuzhNTI  ASIA  Ukrainian  SSR  Yu.  N. 

Tlkenko,  Cand.  of  Tech.  Sciences  and  V.  Ya.  Flaks,  engineer.  In  article  there  is 
given  foreign  data  on  corrosion  resistance  of  aluminum  alloys  and  also  initial 
results  of  broad  research  started  in  YuahNII  on  corrosion  resistance  of  native 
aluminum  alloys  during  their  exploitation  under  conditions  of  metallurgical 
factories  and  in  atmosphere  of  industrial  city. 

5.  Certain  Peculiarities  of  Calg^tion  of  Structiyes 

from  Aluminum  Alloys  with  Respect  to  Ultimate  Strains  fpeflections) 

and  to  Stability 

Value  of  modulus  of  longitudinal  elasticity  of  aluminum  alloys  lowered  as 
compared  to  steel,  Increases  significance  of  check  of  structures  from  aluminum 
alloys  for  ultimate  strains,  total  and  local  stability.  One  of  the  most  Important 
questions  of  designing  Is  determination  of  ultimate  strains  (deflections)  of  bent 
elements. 

For  the  purpose  of  limitation  of  number  of  cases  of  calculation  of  bent 
elements  for  deflections  and  thereby  more  rational  use  of  material  during  cal¬ 
culation  of  strength  in  structures  from  aluminum  allrys,  TU  SN  113-60  has  developed 
this  question  more  specifically,  In  particular,  there  are  allowed  larger  values  of 
ultimate  strains  than  In  NITU  121-55  for  steel  structures. 

Thus,  for  Instance,  In  SN  113-60  there  are  given  delfectlon  norms  for 
elements  of  framework,  roof  panels,  suspended  ceilings  and  wall  panels,  which  were 
not  in  NITU  121-55 •  Ultimate  deflections  for  roof  panels  and  suspended  ceilings 
have  been  determined  at  l/l50  (I/25)  of  span,  and  wall  panels  -  at  1/125  (l/lOO) 
of  span,  where  figures  in  parentheses  are  magnitudes  allowed  when  there  is  a 
foundation,  including  experimental  construction. 

We  must  note  that  tendency  of  increase  of  ultimate  strains  is  coiason  for 


structures  from  aluminum  alloys,  therefore,  with  developoisnt  of  these  structures 
one  should  expect  further  Increase  of  ultimate  deflections  of  bent  elements. 

Question  of  check  of  total  stability  of  girders  in  TU  SN  113>60  has  been 
developed  in  sufficient  detail.  In  particular,  in  Tables  19  and  20  of  Technical 
Specs  there  is  given  data  cm  the  biggest  ratios  of  free  length  of  compressed 
boom  1  to  its  width  b,  in  which  there  is  not  required  check  of  stability  of 
welded,  pressed  (Table  19),  and  riveted  (Table  20)  girders  in  dependence  not  cmly 
on  place  of  application  of  lead,  brands  of  alloys  and  their  states,  but  also  on 
ratio  of  total  height  of  beam  to  its  width.  Permissible  ratios  _1  :  b  in  struc¬ 
tures  from  aluminum  alleys,  are  understandably  less  than  for  steel  structures. 

Check  of  local  stability  of  walls  of  girders  is  also  made  in  structures 
from  aluminum  alloys  under  more  rigid  requirements. 

In  detail  in  TU  SN  113-60  there  are  considered  questions  of  relationships 
of  dimensions  centrally  coaqiressed  and  coiqppreseed  flexed  elements. 

Here  there  are  determined  permissible  ratios  of  rated  height  h^  or  average 
diameter  0  of  tubing  to  corresponding  thickness  i  ,  depending  upon  calculated 
flexibility  ^  and  also  on  magnitude  of  ultimate  overhangs  of  flange  plates  and 
shelves  of  compressed,  compressed  flexed,  and  bent  elements  both  in  the  absence 
and  in  the  presence  on  overhangs  of  thickenings  (bulbs). 

Low  value  of  modxilus  of  longitudinal  elasticity  is  reflected  also  on  values 
of  coefficients  ?  ,  of  buckling  of  centrally  compressed  elements.  Ccaqiarism 
of  the  latter  with  corresponding  valiwis  for  steel  structures  is  presented  in 
Fif,.  U. 

Relatively  low  values  of  coefficients  t  for  aluminum  allays  led  to  neces¬ 
sity  of  reduction  of  allowed  limits  of  flexibility  of  campreseed  elements  (as 
compared  to  steel  elements).  It  is  necessary,  however,  to  stipulate  that  for  pur¬ 
pose  of  best  use  of  material,  flexibility  of  principal  compressed  elements  tnm 
aluminum  allpys  does  not  usually  have  to  exceed  50-60. 


Pig.  4.  Values  of  coefficients  ? 
and  ultimate  bend  streni^hs  of 
principal  canqpressed  elements 


a  •  a  -  from  aluninum  allays;  b  -  b  > 
from  steel 

Special  designations: 

AMg6>N; 

AV-T 
D16-T 
St»  3 

Mli  (15  KhSMD). 

Large  number  of  articles  in  this  collection  are  devoted  to  theoretical  and 
experLmental  investigations  of  actual  work  of  material,  separate  elements,  articles, 
and  structures. 

Two  articles  are  devoted  to  questims  of  calculation  of  stability.  The  first 
of  them  -  by  Dr.  of  Tech,  Sciences  B,  M.  Broude  and  C.  M.  Chuvikln,  Cani.  of  Tech. 
Sciences  (TsNIISK  ASIA  USSR)  «  contains  baal  of  certain  methods  of  calculation 
of  stability  given  in  TsNIISK  ASIA  USSR,  which  are  given  in  TU  SN  113-60.  Here^ 
there  are  included  questions  of  eccentric  compression,  bend<-twi8t  form  of  loss  of 
stability,  axial  compression,  overall  stability  of  girders,  and  local  stabilit> 
of  walls  on  beisRs. 

Second  article  >  by  workers  of  Nil  construction  of  Ministry  of  Construction 
of  RSFSR  A.  C.  Tssnmin.  C«nd.  of  Tech.  Sciences  uid  V.  S.  Noskvitin,  engineer  - 


Is  devoted  to  more  precise  definition  of  local  stability  of  angular  profiles  from 
alloy  D16»T.  In  article,  on  the  basis  of  theoretical  prerequisites  and  conducted 
experimental  investigations,  there  are  mar*')  recommendations  for  assignment  of 
overhang  of  cornHr  flanges  (both  the  usual  and  also  those  with  thickenings  •  bulbs). 
Obtained  data  are  designed  for  use  both  in  designing  of  elements  and  also  during 
composition  of  assortment. 

In  article  by  A.  Kh.  Khokharin  Cani.  of  Tech.  Sciences  (TsNIISK  ASiA  USSR) 
there  are  illuminated  results  of  Investigations  of  work  of  rods  under  central 
compression.  Obtained  results  are  compared  with  those  given  in  TU  SN  ll>-60. 

In  article  by  B.  G.  Baihonov,  engineer  (TsNIISK)  there  are  given  results  of 
experimental  investigations  conducted  on  eccentrically  compressed  rods  of  rectan¬ 
gular  and  H-shaped  sections  from  aluminum  alloy  AV-Tl.  In  article  there  is  given 
also  a  method  of  approxifflation  of  solution  of  problem  of  stability  of  eccentrically 
compressed  rod  for  the  same  fonas  of  cross  section.  There  is  given  also  comparison 
of  theoretical  values  of  critical  forces  determined  with  help  of  offered  method  of 
approxifflation,  tdth  results  of  experiments. 

Here  we  can  refer  to  above-mentioned  works  on  actual  work  of  Joints. 

Article  by  Tu.  S.  Kkrchanets,  engineer  (TsNIISK)  is  devoted  to  analysis  of 
investigations  conducted  by  him  at  TsNIISK  of  actual  work  of  I-beams  under 
influence  of  concentrated  static  loads. 

Author,  on  the  baeis  of  analysis  and  nodemisation  of  existing  theoretical 
assxifflptions  and  on  nicnerous  experijDental  investigations  conducted  by  him  of  series 
of  beams,  studied  questions  of  local  stability  of  walls,  distribution  of  stresses 
in  elements  of  beams,  overall  and  local  deformations,  and  also  values  of  ultimate 
strains  of  beams. 

Correlation  of  practice  of  experimental  and  practical  designing  of  structures 
from  aluminum  alloys  should  be  subject  of  special  investigation. 
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In  this  collection  five  articles  sre  devoted  directly  to  structuz*e8  front 
aluminum  alloys. 

Article  by  K.  D.  Fink,  enf!ineer  (EKB  [Kxperlmental  Designers  Bureau J  at  krdk 
USHR)  is  devoted  to  designing  of  certain  type  of  roof  and  wall  panels,  developed 
at  hXB  with  participation  of  TsNIISK. 

Article  by  V.  N.  Spirov,  engineer  (Moscow)  gives  data  on  designing  and 
manufacture  of  building  structures  and  articles  from  aluminum  alloys.  Buch 
structures  and  articles  include  wall  panels,  windows  and  doors,  partitions  and 
stained  glass  panels,  and  roof  and  suspended  ceilings. 

In  article  by  C.  D.  Popov,  engineer  (GPI  Proektstal'konstruktsiya)  (State 
Planning  Institute  for  Steel  Construction j  there  is  given  data  from  planning  de¬ 
partment  of  this  Institute  on  structures  from  aluminum  alloys.  Including  span  of 
%  m,  in  idiich  as  load-bearing  structures  there  are  used  jointless  archs. 

Article  by  Tu.  S.  L*vov,  engineer  (GPI  Glproavtotrans)  (State  Planning  Insti¬ 
tute  auto  Transportation]  is  devoted  to  first  peminent  highway  bridge  with  span 
structure  from  aluminum  alloys,  developed  in  this  organisaticm. 

In  article  by  B,  A.  Speranskiy,  Cand,  of  Tech.  Sciences  (Ural  Polytechnicai 
Institute]  and  F.  F,  Tampion,  engineer  (Nil  on  construction  in  Sverdlovsk)  there 
ai*e  given  results  of  initial  research  in  prestressed  girders  from  aluminum  alloys. 

On  the  whole,  contents  of  first  issue  of  the  collection  and  planned  future 
issues  provides  for  both  correlation  of  works  conducted  according  to  coordinate 
plan  and  formulation  of  subsequent  new  problems,  solution  of  tdtich  will  facilitate 
preparation  for  wide  application  of  aluninm  alloys  in  construe tic»: 

1)  creation  of  a  special  industrial  base  for  manufacture  of  structures; 

2)  further  increase  of  resistance  of  aluminum  alloys  to  corrosion; 

3)  significant  increase  of  str«ngth  properties  of  basic  mstal  and  especially 
of  Joints  intended  for  load-bearing  structures; 

4)  expansion  of  theoretical  and  experimental  works  on  questions  of 


CAlculatlon  and  designing; 

5)  development  of  structural  forms  of  bulldirigs  and  structures  ahlch,  to 
the  highest  degree,  reflect  specific  character  of  aluminum  alla7s; 

6)  establishment  of  cost  of  both  semifinished  products  from  alurainum  alloys 
and  also  for  manufacture  of  structures  from  them; 

'^)  more  precise  definition  of  range  of  application  of  aluminum  allays  with 
respect  to  prices,  which  will  provide  maximum  technical  progress  in  manufacture  of 
semifinished  products  and  structures  from  aluminum  alloys. 
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CONTEMPORART  AlimiNUM  ALLOTS 


Dr.  of  Toeh.  Scloi.  «t  I.  N.  -'ridlyandor 

Aliodnua  hu  for  a  lon^  tiiM  occupiod  place  of  aaeonci  (after  iron)  Mtal. 
Produetioo  of  alwinia  la  atlU  aany  tiaiea  loner  than  that  lerel  nhich  haa  been 
attained  in  field  of  dteel,  but  e  of  growth  of  production  of  aluainua  ia  nany 
tieea  higher. 

Rapid  growth  of  production  oi  aluadnaa  ia  eauaed  both  by  propertiea  of  the  pure 
■etal  ana  alao  eapeeially  by  t.at  ccBplex  of  ij^portant  (joalitiea  which  different 
alloya  poaaeaa,  that  are  baaed  on  alueinuB.  During  the  laat  few  yeara  developeent 
of  new  alwinuB  alloya  haa  been  intenaely  conducted  in  eeny  countriea,  and  this 
has  been  fniitful.  Poaaiblitiea  in  thia  reapect  are  atill  far  froe  relaiaed, 
and  one  ahould  expect  in  future  the  creation  of  new,  atill  More  intereating  alloya. 

Before  Second  World  War  the  baaic  alloying  additiona  to  aluBinuM  alloya  were 
MagneaiuM,  copper,  and  ailic«)  (aeparately  and  in  different  co^binationa).  Uaing 
varioua  coMbinationa  of  theae  additiona,  there  were  created  eagnalixai  (A.l-hg  alloya), 
Siluedn  (Al-Si  alloya,  when  neceeaary  >  with  additiona  of  copper  and  Mag^eeim), 
dureluain  (alloya  of  Al-Cu<4(g  eyaten),  and  alao  a  group  of  forging  alloya  on  a  baae 
of  Al<4(g>Si  eyaten  and  Al-A(g<-Si<Cu  (AKJf  AK6,  AI8).  In  Majority  of  thMe  aLlcqra 
there  waa  introduced  alao  Maganeae  or  ita  analog  ehraniuM  (and  later,  airconiun). 

Role  of  eMail  additiona  of  theae  eleManta,  eapeeially  in  defoived  all<^,  ie 


extrifcc’*dlnarily  great,  and  it  ia  p<iasible  to  say  that  in  certain  respects  is 
still  not  clear.  With  numganese,  chromium,  and  zirconium  there  is  connected 
appearance  press-effect  in  pressed,  semifinished  products.  These  additions 
render  very  great  influence  on  transverse  properties  of  articles,  disintegration 
rate  of  solid  solutions,  hardcnabllity  of  articles,  processes  of  recrystallization, 
and  on  appearance  of  coarse-grained  structure. 

In  vfar  and  especially  in  postwar  years  there  became  intensely  more  familiar 
a  new  group  of  alloys,  in  composition  of  which  as  the  most  important  alloying 
element  there  was  introduced  zinc  (V95#  V96,  V93,  and  V9i;). 

At  last,  there  were  recently  discovered,  and  they  are  obtaining  even  greater 
value,  two  groups  of  alloys,  basic  alloying  caaponents  of  which  are  oot/g^n 
(Al^O^),  the  so-called  baked  aluadnun  powder  (SAP),  aivi  lithium  in  ccabinatlon 
with  cadmium  in  presence  of  copper  and  manganese  (alloy  VAD23). 

It  is  (.ecessary  to  emphasise  that  in  creation  of  new  alloys  a  decisive  role 
is  played  not  by  added  elements  themselves,  but  by  those  chemical  ccopounds  which 
appear  in  alloy  during  alloying  of  aluminum.  These  chemical  ccnpoimds  or  phase- 
strengtheners,  interacting  »d.th  sol'd  solution,  evoke  hardening  of  alleys  during 
heat  treatment  and  rereler  decisive  influence  or.  strength,  Juctllity,  and  corrosion 
resistance  of  alloys.  At  the  same  time  of  extraordinarily  Important  val’  ?  are 
forms,  dispersicwi,  natxire  of  distribution  of  pnises-strengthentrs,  and  also 
cempositiOT,  structure,  and  properties  of  solid  solution.  Experience  shows  that 
maximum  hardening  during  heat  treatment  of  alttlnus  alloys  is  attained  lAen  phase- 
strengthener  has  in  its  own  coinposition  not  less  then  two  foreign  (besides  aluminum) 
atoms.  Such  phases  are  Kg^^'^  ^  Al-Mg-Si  system  (alloys  AP31,  AD33»  AV),  KgZn^ 
and  T,  Al^Mg^Zn^  in  Al-Zn-Mg-Cu  system  (allays  V95,  V96,  V%,  V93»  and  V9P)j 
5{Ai2CuMg)  in  Al-Cu-llg  system  (alloys  Di6,  D18,  AJCl,  AX/,-1),  phase  tf(Alji^ySi.Cu^) 
in  Al-Si-h,f-Cu  system  {alloys  AK6  and  AKd).  At  the  ^ame  time,  phases  CuAl^  and 
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AljMf,2  (binary  alloys  Al-Cu)  and  Al-Mg  (ina^!:nalium)  evoka  si^^iificantly  less 
hardening,  ftiscovery  of  nf*w  phase  able  to  cause  significant  effect  of  hardening 
or  appearance  of  other  Interesting  properties  each  time  constitutes  definite, 
important  stage  in  development  of  aluminum  alloys. 

Aluminum  alloys  are  used  in  annealed  and  naturally  or  artificially  aged 
states.  Depending  upon  pJiase-strengthener,  the  properties  of  alloys  change. 

Thus,  in  A] -fig  system  mechanical  properties  of  alloys  in  all  states  of  heat  treat¬ 
ment  are  practinlly  equal.  Phase  S  (Al-Cu-Mg  system)  evokes  significant  increase 
of  strength  after  natural  aging;  artificial  aging  does  not  evoke  additional, 
noticeable  increase  of  strength  or  can  even  lead  to  certain  lowering  of  it.  Phases 
containing  silicon  and  zinc  (for  instance,  Mg23i  and  MgZn2)  lead  to  significant 
effect  of  natural  aging  and  to  additional,  large  increase  of  strength  after 
artificial  aging.  All  phasss  of  system  Al-Cu-Mn  and  Al-Cu-Li  possess  very  small 
effect  of  natural  aging  and  huge  effect  of  artificial  aging.  All  these  peculiari¬ 
ties  of  alloys  must  be  considered  during  development  of  technological  processes 
connected  with  their  application.  Described  distinctions  concern  characteristics 
of  strength.  However,  in  all  cases  artificial  aging  leads  to  sharp  increase  of 
yield  point,  considerable  Increase  of  ratio  and  to  significant  lowering 

of  elongation.  In  spite  of  lowering  of  elongation,  alloys  is  artificially 
aged  state  can  experience  signigicant  deformations  without  rupture,  and  they  are 
fully  applicable  to  structures.  Regarding  corrosional  stability,  in  principle  it 
is  possible  to  ascertain  that  with  proper  selection  of  conditions  of  artificial 
aging,  corrosion  resistance  of  artificially  aged  alloys  is  no  worse  than  corrosion 
resistance  of  naturally  aged  alloys, 

1.  Deformed  Aluminum  Alloys  and  Certain  Peculiarities  of  Their  Application 
Deformed  aluminum  alloys  can  be  divided  into  following  groups: 
a)  pui^e  Al; 


b)  Al“Mn  eiloys; 

c)  Al-Mp  allqys  (mafnalium); 

d)  Al-Mp-.Si  alloys- ; 

e)  Al-'.!n-Mp  alloys  (Cu); 

f)  Al-Cu-Mg  alloys; 

g)  Al-Mg-fii-Cu  alloys; 

h)  Al-Cu-Kn  alloys  (Li,  Cd); 

To  Al-Mg-Hi  system  belong  alloys  AD31,  AD33,  and  AV,  Alloy  AV  is  'ometimes 
called  an  avial. 

In  bygone  times  this  alloy  had  large  value  for  aviation,  as  a  result  of  which 
it  obtained  the  name  "aviation  aluminum"  >  avial.  Now  the  role  of  this  alloy  in 
aviation  is  snail,  and  this  term  is  an  anachronism. 

In  application  of  structural  aluminum  alloys  one  should  consider  some  of 
their  peculiarities,  distinguishing  them  from  steel.  These,  first  of  all  are 
lowered  values  of  elongation  and  impact  toughness.  For  structural  aluminum  alloys 
the  characteristic  values  of  impact  toughness  are  of  the  order  of  1-2  kgin/cm^  in 
longitudinal  direction  and  0.4-1  kgnv/cm  in  transverse  (with  respect  to  fiber) 
direction.  Nonetheless,  not  one  case  of  brittle  fracture  of  a  structure  from 
deformed  aluminum  alloys  after  entire  time  of  their  exploitation  was  noted.  These 
alloys  are  practically  not  inclined  to  brittle  fracture,  nor  to  cold  brittleness, 
therefor^  they  can  be  with  absolute  calm  applied  with  shown  characteristics  of 
impact  toughness.  However,  if  structure  experiences  direct  (without  damping) 
impact  loads,  additional  tests  have  to  be  conducted. 

Concept  of  satisfactory  ductility  (determined  in  practice  basically  by 
elongation)  underwent  long  evolution.  Up  to  194t>-1943  it  was  considered  obliga¬ 
tory  that  average  elongation  be  on  order  of  12-20^.  Later,  in  connection  with 
development  of  stronger  alloys,  this  average  elcmgation  was  lowered  to  8-12$, 
and  then  (especially  for  rods,  forgings,  and  stampings)  —  to  3-6$.  At  the  same 


time  miniraum  assurable  elongation  was  lowered  from  10  to  6%  for  pressed  articles;, 
form  13-15  to  7-6^  for  sheets,  and  to  ft-2%  (depending  upon  direction  oi  Ctatting 
of  samples)  for  big  forgings  and  stampings,  and  also  for  massive  profiles.  At 
present  there  is  being  realized  lowering  of  assurablc  elongation  for  sheets  anu 
profiles  from  specially  strong  alloys  to  2-3^.  In  spite  of  such  comparatively 
low  elongation,  aluminum  alloys  work  quite  satisfactorily  in  structures.  Pro¬ 
longed  tests  showed  that  there  is  no  direct  connection  between  values  of  elonga¬ 
tion,  structural  strength,  or  vibration stren/:th  of  material.  I'oreover,  b;-  direct 
experiments  on  alloys  of  type  V93  It  was  shown  that  with  Increase  of  temperature 
of  artificial  aging  elongation  of  alloy  is  sharply  lowered,  and  its  resistance  to 
vibration  loads  increases.  Furthermore,  its  resistance  to  stress  corrosion  is 
immeasurably  improved. 

Therefore,  alloy  V95  can  not  be  applied  in  naturally  aged  state  (with 
elongation  on  order  of  205?),  and  it  should  be  used  in  structure  only  in  artifi¬ 
cially  aged  state  (with  elongation  on  order  of  4-105?).  Rivet  alloy  V94  is  upset 
only  after  aging  at  sufficiently  high  temperature,  as  a  result  of  which  elongation 
of  alloy  is  lowered.  In  naturally  aged  state  (elongation  of  20-25%)  alloy  V94 
cracks  during  riveting.  Artificially  aged  alloys  V95  and  V96  allow  additional 
pressing  by  means  of  rolling  to  20-25^,  which  confirms  their  good  efficiency  in 
artificially  aged  state  with  comparatively  low  elongation. 

Together  with  that,  some  minimum  of  elongation  is  necessary.  In  rods, 
forgings,  stampings,  and  profiles  elongation  in  width  and  especially  in  height 
of  articles  with  incorrect  method  of  their  manufacture  can  approach  zero  values. 
Big  articles  of  similar  type  have  to  be  tested  in  three  rautually-perpendicular 
directions.  In  any  of  these  directions  elongation  should  be  no  lower  than  1.5- 
2%,  When  necessary,  elongation  in  transverse  direction  may  be  raised  by  means 
of  application  of  the  proper  deformation  diagram.  Together  with  elongation, 
because  of  improvemnt  of  technology  of  production  of  semifinished  products, 


corrosion  resistance  of  articles  may  also  be  considerably  improved. 

Considerable  attention  should  be  fjlven  to  any  kind  of  structural  hetero¬ 
geneities,  first  of  all  to  stratifications,  Inclusions  of  intermetallic  compounds, 
and  to  coarse-prainedneas,  in  pax*ticular  macror^stalline  ferrule. 

stratifications,  constitutinp  local  disturbances  of  continuity  of  metal,  are 
met  most  frequently  in  forcings,  stamping,  pressed  articles,  and  plates;  they 
sometimes  appear  also  in  sheets.  Area  of  stratifications  can  reach  tens,  and 
sometimes  hundreds  of  square  millimeters.  They  are  always  disposed  %rith  fiber  and 
little  affect  unit  properties,  but  weaken  material  in  direction  perpendicular  to 
plane  of  bedding  of  stratifications.  Stratifications,  as  a  rule,  are  well 
revealed  by  ultrasonics,  therefore,  critical  articles  have  to  pass  ultrasonic 
inspection.  Slag  inclusions  worsen  corrosion  properties  of  articles,  spoil  their 
appearance,  and  lower  vibration  strength  in  thin  sections. 

In  certain  alloys  there  are  easily  formed  coarse  intermetallic  compounds, 
constituting,  as  a  rule,  compounds  of  alumintim  with  manganese,  chromium,  iron, 
vanadium,  or  titanium.  In  semifinished  products  they  are  disposed  in  the  form 
of  separate  points  or  lines.  Inclusions  of  intermetallic  compounds  worsen  trans¬ 
verse  mechanical  properties  and  corrosion  resistance  of  material  and  spoil  its 
appearance. 

In  articles  from  aluminum  alloys  there  sometimes  appears  coarse  grain.  It, 
in  general,  weakly  affects  mechanical  properties,  corrosion  resistance,  and 
vibration  strength  of  material,  but  worsens  its  decorative  appearance;  on  sheets, 
pipes,  and  profiles  in  the  px*esence  of  coarse  grain  there  appear  roughness  and 
motley  colored  tints.  On  pressed  articles  coarse  grain  is  revealed  in  the  form 
of  so-called  macrocrystalline  ferrule,  which  is  sharply  outlined  and  clearly 
segregated  from  remaining  section.  Macrocrystalline  ferrule  is  aliened  by 
present  technical  specs.  However,  it  is  necessary  to  consider  its  negative  sides- 


it  spoils  appearance,  is  more  easily  inclined  to  overheating  than  basic  material; 
during  cold-water  quenching  from  upper  limit  of  temperature  (within  limits  of 
instruction  on  heat  treatment)  inside  ferrules  there  appear  crucks,  strength  of 
ferrule  is  lower  than  strength  of  basic  material  by  4-8  kg/mr. 

Stratification,  slag  inclusions,  inclusions  of  intermetallic  compounds, 
coarse-grainedness,  and  macrocrystalline  ferrule  in  case  of  need  can  be  regulated 
under  special  technical  conditions. 

a)  Alxjminum  and  Alloy  of  Aluminum  with  Manganese 

Commercial  aluminum  is  alloy  of  aluminum  with  constantly  present  impurities 
of  iron  and  silicon  (sometimes  copper,  magnesium,  titanium,  sodium,  and  others). 

The  purer  the  aluminum,  the  higher  its  coxrosion  resistance.  Aluminum  is  applied 
both  in  annealed  and  cold-irorked  states.  This  is  excellent  corrosion-resisting 
material,  possessing  good,  weldability,  but  poor  machinability.  Aluminum  is  very 
receptive  to  color  anodizing.  It  can  be  applied  in  all  those  cases  where  its 
strength  turns  out  to  be  sufficient. 

High  strength  is  possessed  by  alloy  of  aluminum  with  manganese  (AMts  alloy). 
Alloy  AMts  with  respect  to  weldability,  corrosion  resistance,  and  machinability, 
is  very  near  to  aluminum,  but  in  respect  to  color  it  looks  worse. 

b)  Alloys  of  Alxuninum  with  Magnesium  (Magnalium) 

Alloys  of  aluminum  with  magnesium  (magnalium)  possess  (with  correctly  designed 
technology  of  production  of  semifinished  products)  high  strength.  They  find  wide 
and  various  application.  During  the  last  few  years,  composition  of  wide-spread 
brands  of  these  alloys  has  been  definitized  and  new  brands  have  been  created.  It 
is  assumed  that  at  the  end  of  this  work  there  will  have  been  obtained  a  number 
of  alloys  of  magnalium  type,  in  which  content  of  magnesium  changes  continuously 
from  0.5-1. 8%  in  AMgl  alloy,  to  5. 3-6. 3^  in  AMg6  alloy,  »nd  possibly  to  3-9^  in 

new  alloys  of  this  group. 


Alloy  ANgl  possessea  high  corroalon  raalatance,  polishability,  and  reflec¬ 
tivity.  Following  the  example  of  Geraan  Denocratic  Republic,  content  of  chroedum 
in  AMgl  alloy  (and  also  in  more  alloyed  alloys  AMf.'i,  ANg3,  and  AMg5)  ie  limited 
to  O.U5^.  In  this  case  this  entire  group  of  alloys  AMgl,  ANg2,  AMg3,  and  AMg5  is 
well  adapted  to  color  anodizing,  and  it  is  excellent  structural  and  decorative 
material.  In  order  to  distinguish  magnalium  with  limited  content  of  chroodum, 
special  maricing  will  be  introduced  for  them. 

In  structural  alloys  AMg3-V  and  AMg6-T  a  big  complication  is  evoked  by 
appearance  in  the  structure  of  inclusions  of  intermetallic  compounds  of  cos^dex 
composition  (aluminum  with  manganese,  titanium,  chromium,  vandlum,  iron,  and 
zirconium  -  depending  upon  presence  of  these  elements  in  alloy).  Intexmetallic 
compounds  act  like  sharp  cuts,  they  worsen  corrosion  resistance  and  decorative 
appearance  of  material;  permissibility  of  them  should  be  thoroughly  checked  in  each 
separate  case.  It  has  been  shown  that  intermetallic  compounds  containing  vanadium 
and  zirconium  are  especially  easily  foimed;  titanium  readily  foims  Intecmstallic 
compounds  where  content  of  it  in  alloy  is  more  than  O.UK.  Therefore,  in  alloy 
AMg6-T  titanium  content  has  been  Ivwered  to  0.02-0. lj(  and  it  was  given  a  new 
brand  name  AMg6  (without  T),  and  in  alloy  AMg5-V  -  vanadium  will  be  subetituted 
for  titanium  (0.02-0.1$),  and  alloy  will  also  assimM  brand  name  AMg5  (without  T). 

Solubility  of  aa^iesium  in  aluminimi  decreases  considerably  with  decrease  of 
temperature  (from  15-17$  at  450'’  to  2$  at  room  t«q)erature) ;  however,  deccmposition 
of  solid  solution  in  this  system  occurs  extreamly  slowly.  Therefore,  for  instance, 
alloy  AMg6,  quenched  from  temperature  of  400-430“  in  water  or  slowly  cooled  in 
air,  has  practically  the  same  mechanical  propertiee,  i.e.,  does  not  possess  effects 
of  heat  treatment  (effect  of  qiuenching  and  effect  of  aging).  Therefore,  these 
alloys  are  ali^tly  weakened  with  welding,  and  attenuation  factor  for  welding  is 
n  ar  to  <»ie. 

Solid  solution  of  magnesium  In  alumimmi  in  alloy  AKg6  at  room  temperature  is 
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unstftble  and  supersaturated,  and  with  passage  of  time  gradually  decomposes,  with 
singling  out  of  smallest  inclusions  of  Al^Mg2  phase.  Decomposition  is  more  rapid, 
the  greater  the  content  of  magnesium  in  aluminum  and  the  higher  the  temperature 
of  holding.  Alloys  AMgl,  AMg2,  AMg3.  and  also  the  workable  alloy  AMgA  are  not 
inclined  to  decomposition.  Alloys  AMg5  and  AMg6  do  not  decompose  at  temperatures 
of  holding  up  to  30-40®,  but  with  increase  of  temperature  to  60-70®  and  holdings 
for  several  hundreds  and  thousands  of  hours,  their  decomposition  is  quite  intense, 
recomposition  in  interval  60-70®  (and  up  to  150-200®)  leads  to  formation  of  con¬ 
tinuous  bead  chains  of  Al^Mg2  compounds  along  grain  boundaries.  Owing  to  dif¬ 
ferent  of  potentials  of  solid  solution  uid  compound  there  occurs  fast  destruction 
of  grain  boundaries,  and  strength  of  material  and  its  plasticity  drop  catastro¬ 
phically. 

Thus,  buoys  from  alloy  AMg6,  floating  for  year  in  Black  Sea  in  Gelendzhik 
region,  turned  out  to  be  severely  damaged  and  less  long-lasting  than  buoys  made 
of  alloy  P16. 

In  order  to  avoid  unfavorable  influence  of  low-temperature  heatings,  alleys 
/VVg5  and  AMg6  must  bo  annealed  at  a  temperat’ire  of  300-350®;  here  solid  solution 
cf  magnesium  in  aluminum  also  decomposes,  but  Al^g2  compounds  falls  out  in  the 
form  of  separate,  comparatively  large  inclusions,  isolated  from  each  other 
(partially  on  boundaries,  partially  inside  grains). 

Similar,  isolated  particles  only  faintly  worsen  corrosion  resistance  of 
alloy.  I'herefore,  over  conditions  of  annealing  alloys  AKg5  and  AMg6  there  should 
be  strict  control  in  all  those  cases  idien  in  process  of  exploitation  of  structures 
there  is  possible  low-temperature  heating  (thus,  for  example,  in  southern  latitudes 
structures  are  easily  heated  to  60-30*  under  the  influence  of  solar  rays).  Con¬ 
trol  is  further  complicated  by  the  fact  that  test  of  alloy  for  mechanical  pro¬ 
perties  does  not  give  indications  of  how  given  conditions  were  sustained;  exact 


tnatrer  can  be  obtained  by  control  of  corrosion  behavior  of  allpy  after  heatin/^ 
(for  instance,  for  10  hours  at  150**).  Probably,  appraisal  is  possible  of  state 
of  allo}'  by  level  of  electrical  resistance,  but  this  method  is  still  undeveloped. 

In  use  of  sheets  from  alloys  of  magnalium  type  significant  additional 
strengthening  can  bo  obtained  as  a  result  of  cold  hardening  of  material 
(Table  1). 


Table  1.  Properties  of  Cold-Worked 
Sheets  from  Alloy  AMg6 
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KEY:  (a)  Percent  of  cold-t«orking. 

Weakening  of  zone  of  welded  seam  during  use  of  welded  material  is  compensated 
by  local  thickening  of  weld  zone,  created  by  means  of  rolling  of  sheets  with 
flange  on  butts  or  by  other  methods. 

As  a  result  of  previously  conducted  works  and  those  investigations  which 
will  be  carried  out  in  1961-1962,  there  is  possible  the  use  of  alloys  of  magnalium 
type,  and  reliability  of  their  application  nay  be  significantly  increased.  Sumia- 
rising  what  has  been  said,  it  is  possible  to  note  that  fron  corrosion  point  of 
view  alloirs  of  magnalium  type  all  the  way  up  to  alloy  AKg4  require  less  attention 
to  method  of  their  manufacture  than  do  alleys  AKg5  and  AKg6,  which  can  be  applied 
only  with  reliable  realization  of  required  conditions  of  annealing.  For  color 
anodising  the  most  suitable  alloys  are  those  with  United  chronius  content. 


c)  Alloys  of  A14(g-Sl  Type 

Alloys  of  Al-Mg-Sl  type  during  the  last  few  years  have  attained  very  great 
value  as  structural  and  decorative  aaterlal.  In  properties  they  strongly  differ 
froB  BagnallvB.  Alloys  of  Al<4(g-61  are  strengthened  by  Hg^Sl  phase,  provoking 
significant  effect  of  quenching,  of  natural,  and  especially  of  artlflcj  d  aging. 
Thus,  for  Instance,  one  of  alloys  of  this  group  -  alloy  AV  -  has.  In  annealed 
state,  strength  of  not  more  than  15  kg/sn^.  In  naturally  aged  state  •  not  less  than 
20  kg/m^,  and  after  artificial  aging  -  not  less  than  30  kg/nn^.  These  alloys  are 
easily  subjected  to  any  kind  of  cold  bends,  staaplng,  deep  drawing,  and  so  forth 
In  annealed  state.  KaterLal  Is  comparatively  little  strengthened  and  allows 
significantly  larger  drawings  than  alloys  ANg5  and  AHg6,  which  are  quickly  riveted 
during  cold  deformation.  However,  great  effect  of  heat  treatment  peculiar  to 
alloys  A14(g-Sl  la  eliminated  through  welding,  and  material  In  sone  of  seam  Is 
strongly  weakened.  In  naturally,  and  especially  In  artificially  aged  state  Al-Ng-Sl 
alloys  have  high  yield  point,  bf  uhlch  th«y  favorably  differ  from  magnaUum. 

Corrosion  resistance  of  Al-Ng-Sl  alloys  strongly  depends  on  relationship 
bet%reen  concentration  of  magnesium  and  silicon.  Good  corrosion  resistance  Is 
possessed  by  those  alloys  In  which  this  relationship  Is  such  that  all  the  silicon 
completely  leaves  fonnatlon  of  Hg2Sl  cosipounds.  As  soon  as  excess  silicon  appears 
in  structure,  corrosion  resistance  of  alloys  worsens  sharply.  Excess  magnesium 
enters  Into  solid  solution  with  aluminum  and  does  not  lower  corrosion  resistance. 
Introduction  of  copper  Into  Al-Kg-^  alleys  worsens  their  corrosion  behavior  in 
proportion  to  copper  content.  At  present  In  Al-^-Sl  system  there  are  three 
industrial  alloys:  A031,  AD33,  and  AV*. 

At  present  we  are  Improving  composition  of  alloy  AC35:  Mg  0.4-1. 


*See  article  by  M.  M.  Edel'man,  Included  in  this  collection 


SI  0,6-1, 5^;  Mn  0,4-1^,  Hei/»htened  content  of  menganese  in  this  alloy  retards 
prowth  of  grains.  At  the  same  time  this  alloy  possesses  high  strength  and 
corrosion  resistance,  and  for  all  these  reasons  it  is  pr^xnising  for  C'wstruction, 

d)  Alloys  of  Al-Zn-Mg  (Cu)  Type 

The  strongest  aluminum  alloys  belong  to  systems  Al-Zn-Hg  and  Al-Zn-Mg-Cu. 
f'evelopcnent  of  alloys  of  this  group  and  their  adoption  in  serial  production  at 
first  caused  great  difficulties  connected  with  inclination  of  alloys  to  stress 
corrosion  and  cracking  of  ingots  during  continuous  casting,  Rradually  these 
difficulties  were  surmounted.  It  was  shown  that  inclination  to  foimtion  of  cracks 
during  casting  depends  on  relatioshlp  of  content  of  impurities  in  aluminum  of 
iron  and  silicon.  If  iron  in  alloy  is  more  plentiful  than  silicon,  practically 
no  cracks  are  formed.  Therefore,  when  necessary,  into  alloy  there  is  specially 
introduced  a  small  quantity  of  iron.  More  precise  determinatini  of  composition  of 
alloy,  as  regards  impurities  and  improvement  of  technology  of  casting  allow,  us 
to  obtain  ingots  of  very  large  dimensions  without  cracks. 

With  passage  of  time  we  ha\e  managed  also  to  find  compositions  of  alloys  and 
conditions  of  aging  coz>responding  to  them,  ensuring  reliable  corrosion  behavior 
of  material. 

Ternary  alloys  Al-21n-Mg  containing  more  than  total  of  sine  and  magnesium 
with  significant  excess  of  sine  over  magnesium,  are  inclined  to  stress  corrosion. 
This  inclination  is  removed  by  small  addition  of  copper,  not  forming  new  phases 
but  changing  composition  of  solid  solution  in  favorable  direction. 

First  representati'.e  of  alloys  of  Al-Zn*^-CU  system-alloy  V95  -  contains: 
sine  5-7$,  fflsgnssium  1,8-2, 8$,  copper  1.4-2$,  manganese  0.2-0. 6$,  chromium  0.1> 
0.25$.  According  to  different  data,  additiona  of  chroodun  and  manganese  are 
necessary  for  increase  of  corrosion  resistance  of  alloys.  Rols  of  chroodw 
sspeclally  emphasised  in  the  United  Statee;  there  it  ie  pointed  out  that  only 
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with  h«lp  of  chromluB  is  it  possible  to  ensure  satisfactory  corrosion  resistance 
of  high-strength  alloys  of  this  system. 

However,  in  our  country  there  have  been  created  and  successfully  exploited 
two  hij^-strength  alloys  of  this  system-alloys  V94  and  V93,  containing  neither 
chromium  nor  manganese  nor  other  analogously  active  elements.  For  alloys  V93, 

V  '5.  and  artificial  aging  is  mandatory.  In  naturally  aged  state  all  of  them 

have  unsatisfactory  corrosion  behavior. 

Alloy  stands  alone.  It  will  be  described  below. 

Prom  alloy  there  are  prepared  sheets,  profiles,  forgings,  and  staimpings. 

2 

Strength  of  articles  from  this  alloy  (with  fibers)  is  on  level  of  52-60  kg/m  , 

2 

yield  point  44-55  kg/nn  ,  elongation  6-12$.  General  corrosion  resistance  of  alloy 
is  inversely  proportional  to  content  in  alloy  of  copper.  Therefore,  in  general 
corrosion  resistance  alloy  V95  is  hi^er  than  alloy  D16.  For  riveted  structures 
and  buildings  alloy  V95  can  be  considered  as  very  acceptable  material  In  the 
fom  of  sheets  and  pressed  articles. 

However,  dm^Lug  planning  and  manufacture  of  structures  from  alloy  VQ5  it  is 
necessary  to  prevent  appearance  of  concentrators  of  stresses  (in  the  form  of  sharp 
cuts,  sharp  comers  with  very  small  radii,  and  so  forth). 

Alloy  V96  in  the  form  of  pressed  semifinished  products  is  10$  stronger  than 
alloy  V95.  Sheets  from  alloy  V96  do  not  have  special  advantages  ov«r  sheets  from 
alloy  V95. 

Alloy  \W4  is  intended  for  aoanufacture  of  rivets  working  igainst  shear  or 

2 

crunpling.  Minljaan  guaranteed  resistance  to  shear  of  rivet  wire  is  29  kg/sm  , 
but  in  process  of  riveting  resistance  to  shear  is  increased.  Mow  the  possibility 
is  being  studied  of  increase  of  guaranteed  resistance  to  shear  of  rivet  in  upset 
f 'Tn  up  to  31  kg/v  .  Alloy  V94  can  be  upset  at  any  time  after  cienchlng  (in 
ccntxaat  to  certain  rivet  aluninura  allc^  whi^.  it  is  possible  to  upset  onlv  for 


a  lisdted  tlae  after  quenching),  bat  which  requires  observance  of  certain  pre> 
cautions  during  riveting. 

iiivets  frcn  alloy  V94  possess  reliable  corrc/sion  resistance  and  caa  he 
applied  in  building  structures.  New  alloy  V93  possesses  guaranteed  strength  in 
three  directicms  —  48  kg/nn'^;  frost  it,  it  is  possible  to  prepare  forgings  axKl 
stampings  of  alfferent  dimensions,  including  big  ones.  The  alloy  is  water 
quenched  at  a  temperature  of  70-80°,  and  during  subsequent  mac  .ning  it  is  little 
deformed.  Therefore,  parts  can  be  coetpletely  mechanically  proccssod  and  then 
hardened,  which  in  a  nua^et*  of  cases  presents  greater  technological  conveniences. 

Weldable  alloy  V92  differs  from  all  above  described  alloys  of  Al**Zn-Mg-Cu 
system.  For  increase  of  general  corrosion  resistance  no  copper  is  included  in 
it;  content  of  magnesium  exceeds  c^^tent  of  sine;  niaW>er  of  alloying  elements  is 
lowered. 

Alloy  V92  belongs  to  self -hardening  alloys,  i.e.,  it  is  hardened  with  air 
cooling,  and  then  ages  nature}!^  or  artificially.  This  ability  coosiderably  de» 
creases  weakening  of  weld  sone  as  a  result  of  heating  during  welding,  and  it 
also  allows  us  to  obtain  a  stronger  seam.  Natural  aging  of  alloy  V92  continues 
for  a  very  prolonged  time  (up  to  3  months).  Basic  increase  of  strength  is  attained 
during  first  month,  additional  — >  up  to  3  months;  aging  gives  additional  increase 
of  strength  of  2<-3  kg/mm^.  Alloy  V92  is  also  subjected  to  artificial  aging; 
approximate  process  of  aging  is  100°-96  hours.  Properties  of  alloy  V92  to  signif¬ 
icant  degree  dep«id  on  degree  of  deformation  and  form  of  eesiifiniahed  products. 

For  assurance  of  satisfactory  properties,  degree  of  deformation  during  pressing 
should  not  be  less  thai  93-97^.  For  fulfillment  of  this  ctuiditlon  it  is  necessa;/ 
to  watch  both  factory  suppliers  and  customers. 

From  alloy  792  th«.re  are  poured  ingots  of  the  largest  diameters.  Also  case 
are  flat  ingots  of  the  largest  cross  sections.  Therefore,  the  required  degree  of 
deformation  can  always  be  attained.  It  is  necessary  also  to  note  that  plates 
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Table  2.  Mechanical  Properties  of  Semifinished  Products  from 
Alloy  V92,  Depending  upon  Conditions  of  Aging 
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of  considerable  thicknesses  have  to  be  prepared  not  from  flat,  but  from  round 
ingots  by  means  of  forging  the^i  to  final  dimension  by  forging  into  billet  and 
subsequent  rolling.  Only  in  this  case  are  we  able  to  ensure  overall  high  level 
of  properties  and,  in  particular,  satisfactory  properties  througnout  thickness  of 
plate.  Alloy  is  inclined  to  press-effect;  in  extruded  articles  its  strength  and 
yield  point  are  considerably  higher  than  in  sheets  and  roiled  plates;  therefore, 
alloy  Vd2  is  very  profitable  to  apply  in  the  form  of  extruded  profiles,  plates, 
and  panels.  Alloy  satisfactorily  undergoes  forging  and  stamping. 

Alloy  Vd2  possesses  good  overall  corrosion  resistance  under  atmospheric 
conditions  and  during  submersion  in  sea  water  both  in  naturally  and  also  in 
artificially  aged  states.  It  behaved  well  in  pipelines  during  annual  tests  in 
different  soils.  Prolonged  heatings  at  70-80®  and  artificial  aging  worsen  resis¬ 
tance  of  alloy  V92  to  stress  corrosion.  However,  it  is  possible  to  rely  on  fully 
satisfactory  behavior  of  alloy  under  actual  conditions  of  exploitation  of  building 
structures. 

Properties  of  semifinished  products  from  alloy  V92  are  given  in  Table  2. 

On  alloy  V92  there  has  been  accumulated  considerable  experience  in  welding; 
there  has  been  made,  in  particular,  the  important  conclusion  that  alloy  V92  welds 
well  by  argon  arc  process.  At  present  alloy  V92  is  undergoing  extensive 
technological,  exploitational,  and  corrosion  testing  in  a  n’unber  of  structures 
and  buildings. 

e)  Alloys  of  Duralumin  Type  (of  Al-Cu-Mg  system) 

The  duralumin  alloys  are  those  of  Al-Cu-Mg  system;  the  most  important  of 
them  are  alloys  D1  and  D16;  as  rivet  alloys  there  are  applied  D18,  V65,  and  D19. 
Recently  there  has  been  developed  weldable  alloy  HUO,  belonging  to  this  system. 

Industrial  alloys  by  relationship  between  copper  and  magnesium  are  disposed 


in  following  order: 


Alloy  Ratio  Cu:  Mg 

06!) .  19.0 

01^  . .  7.4 

ni  .  6.35 

1)16 . 

1)19 .  1.7 

VI)17 .  1.3i^ 


In  general  we  note  that  by  the  measure  of  decrease  of  this  ratio,  the 
corrosion  resistance  of  alloys  is  increased.  Semifinished  products  from  alloy 
Ilf  have  ultimate  strength  of  40-4H  kg/mm^,  yield  point  of  28-40  kg/nun^,  resist¬ 
ance  to  shear  —  25-2?  kg/mn^,  elongation  of  12-20^. 

With  overhardening  of  sheets  and  profiles  from  alloy  U16  (and  of  other  alloys 

hardened  by  heat  treatment)  their  strength,  and  especially  yield  point,  drops  by 

2 

1-3  kg/mm  .  This  phenomenon  is  caused  by  fact  that  values  guaranteed  by  techni¬ 
cal  specs  of  ultimate  strength  and  yield  point  are  ensured  by  application  of 
drawing  of  semifinished  products  after  hardening.  Consumers  do  not  produce 
drawing,  and  corresponding  effect  of  hardening  is  lowered. 

Together  with  hardened  and  naturally  aged  sheets  (of  brana  D16-T)  there  are 
supplied  cold-worked  sheets  (D16A-TN).  Cold  hardening  is  done  by  means  of  cold 
rolling  in  quenched  state;  degree  of  cold  hardening  constitutes  6-7$.  With  cold 
hardening  to  6-7$  (to  a  still  larger  degree  than  with  drawing)  there  is  increased 
ultimate  strength  and  especially  yield  point  with  certain  lowering  of  elongation. 
Cold  worked  sheets  can  be  applied  in  those  cases  when  sheets  in  process  of  manu¬ 
facture  'f  structures  are  not  subject  to  significant  deformations. 

The  greatest  hardening  of  sheets  from  alloy  D16  can  be  achieved  by  applying 
still  greater  cold  hardening  —  on  order  of  20$  (D16A-T1-N1) .  Such  cold  hardening 

allows  us  to  increase  strength  of  sheets  from  alloy  D16A-T  as  compared  to  the 
,  2 

usual  by  6  Kg/mm  .  Subsequent  artificial  aging  for  10  hours  at  130®  ensures 


approximately  the  same  level  of  elongation  as  for  sheets  of  D16A-TN. 

Thin  sheets  from  alloy  D16  in  avoidance  of  through  diffusion  of  copper  in 


plating  layer  (which  leads  to  lowering  of  corrosion  resistance  and  iapaiinent  of 
appearance)  must  have  plating  of  relatively  large  thickness. 

Strength  of  pressed  articles  from  alloy  U16  can  exceed  strength  of  sheets  by 
4-8  kg/flui^.  Intensity  of  presses-effect  depends  on  cross  section  of  pressed  articles 
it  appears  more  strongly  on  large  thicknesses.  Therefore,  in  technical  specs  there 
is  provided  increase  of  strength  and  yield  point  of  profiles  with  increase  of 
thickness  of  wall.  However,  recent  investigations  shewed  that  with  proper  control 
of  composition  of  alloy  D16  and  methods  of  pressing  it  is  possible  on  thin  profiles 
to  obtain  ultimate  strength  of  not  less  than  46  kg/nn^  and  yield  point  of  not  less 
than  34  kg/mm^  with  assured  elongation  of  order  of  1%,  These  properties  are  provided 
by  special  technical  methods  for  procurement  of  profiles  from  alloy  016  with  wall 
thickness  of  more  than  2  mm* 

From  rivet  alloys  of  duralumin  type  alloys  016  and  V65  have  wide  application 
for  room  temperature,  while  alloy  019  is  used  for  hel^tened  temperatures.  Rivets 
from  alloys  018  and  V65  are  upset  in  aged  state,  l.e.,  at  any  time  after  quenching. 
Alloy  019  can  be  upset  for  2-6  hours  after  quenching  (the  greater  the  diameter  of 
wire,  the  less  is  the  time  pennissible  for  riveting).  Hewever,  in  corrosion 
resistance  alloy  019  significantly  exceeds  alloy  V65* 

Of  considerable  interest  is  weldable  alloy  K40.  The  alloy  is  forged,  rolled, 
extruded,  and  satisfactorily  welded  by  all  forms  of  welding.  Plated  sheets  from 
alloy  M40  have  strength  on  order  of  39  kg/nn^,  =  25  kg/am^,  «  =  18%, 

Strength  of  extruded  profiles  is  43  kg/sn^,  conditional  yield  point  is  32  kg/wa^, 
elcffigation  is  13^.  Strength  of  sheets  with  thickness  of  2  ms,  welded  by  argon 
are  automatic  welding,  is  equal  to  32-34  kg/wa^.  Resistance  to  shear  and  break¬ 
away  of  welded  points  considerably  exceeds  corresponding  characteristics  for  alloy 
D16.  At  present  there  is  also  being  Investigated  weldable  variety  of  alloy  016. 
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f)  Alloys  of  Al-Mg-Si-Cu  Hystem 

To  alloys  of  this  system  belong;  alloys  AV  (when  this  alloy  has  copper),  AK^, 
and  AKf^.  All  of  them  have  identical  concentration  of  magnesium  and  silicon  and, 
in  ascending  order  from  alloy  AV  to  alloy  AK‘?,  increasing  copper  content.  In 
accvirdance  with  increase  of  copper  content  strength  of  alloys  grows,  and  ductility 
and  corrosion  resistance  are  lowered.  Oasic  assignment  of  alloys  AK6  and  AKd, 
and  partially  of  alloy  AV  is  forging.  From  these  alloys  it  is  possible  to  pour 
ingots  of  the  largest  diameters,  and  there  can  be  obtained  large  dimension  for¬ 
gings  and  complex  forms  of  stampings. 

Alloys  of  Al-Mg-Si-Cu  system  age  naturally  and  artificially.  Natural  aging 
is  evoked  by  S  phase,  the  same  that  acts  in  alloy  D16;  artificial  aging  —  by 
phase  containing  silicon  Wg2Si  and  W.  Alloys  Ak6  and  AK8  are  used  chiefly  in 
artificially  aged  state.  They  have  high  strength  and  high  yield  point  with  con¬ 
siderable  ductility.  Artificially  aged  alloy  AK6  possesses  the  same  strength  as 
alloy  El,  but  has  supplanted  the  latter  as  forging  alloy,  since  it  possesses 
better  casting  and  forging  properties. 

In  general,  note  that  alloy  AK6  is  very  successful  alloy  for  application 
in  the  form  of  forgings  and  stampings  of  average  strength. 

Widely  used  for  manufacture  of  loaded  forgings  and  stampings  of  heightened 
strength  is  alloy  AK8.  However,  alloy  AK8  is  capricious  under  heat  treatment, 
it  has  narrow  permissible  interval  during  heating  before  quenching,  which,  in 
practice,  quite  often  leads  to  burning  of  parts  or  to  another  defect,  the  so- 
called  "etch  effect",  appearance  of  chains  of  intermetallic  compounds  on  grain 
boundaries.  Recently  AK8  has  been  replaced  by  alloy  V93»  having  higher  strength, 
highpr  corrosion  resistance,  and  considerable  ductility. 

It  is  necessary  to  note  that  alloy  AK8,  soowtinisa  called  superduralumin, 
thus,  characterising  it  as  representative  of  alleys  of  aluminum-copper-magnesium 
system.  However,  after  artificial  aging  there  are  more  comaon  traits  between 


alloys  AK3  and  AK6,  than  between  alloys  AK8  and  D16,  Therefore,  it  is  more  correct 
to  refer  alloys  AK‘l  and  AKft  to  aluminum~magne8iuin-8illcon>copper  system. 

p,)  Alloys  of  Al-Cu-Li-Cd-Mn  .System 

Tn  1^57  a  very  promisin/^  discovery  was  made  of  new  phases-strenfrtheners 
possessing  ability  not  only  to  create  hi/»h  strength  at  room  temperature,  but  also 
to  a  oifnif leant  deproe  to  preserve  it  up  to  200®. 

In  development  of  these  investigations  there  was  developed  alloy  VAD23, 
containing  4. 9-5. 8$  Cu,  0,k-0.e%  Mn,  lOl.AJC  U,  0.1-0.25J<  Cd,  and  up  to  0,15%  Ti, 
Alloy  VAD23  in  strength  characterlsties  at  roon  temperature  exceeds  alloy  V95, 
and  at  a  temperature  of  180-200®,  after  multi-thousand  [hour]  holdings  is  approxi- 
mately  of  the  same  strength  as  alloy  01  at  roosi  temperature  (Table  3).  Alloy 
VA023  has  U~5%  lower  specific  gravity  than  alloy  V95,  and  its  elastic  modulus  is 
6-8^  higher  than  elastic  modulus  of  a11  other  alumintsa  alloys. 


Table  3.  Comparative  Mechanical  Properties  of  Alloys 
VAD23,  016,  and  V95  (Pressed  Rods) 
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(c)  Time  of  holding,  in  hours. 
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Alloy  VAD23  is  absolutely  Imaune  to  stress  corrosion.  General  corrosion 
resistance  of  alloys  VAD23  anU  Ul6  Is,  practically,  quite  close.  In  quenched  and 
naturally  a^ed  state  semifinished  products  from  alloy  VAI;23  are  well  suited  to  any 
kind  of  bending  operate  on.  Inasmuch^  as  strengthening  of  alloy  in  process  of 
natural  aging  is  extremely  small,  bending  operations  can  be  done  at  any  time  after 
quenching  (but  before  artificial  aging). 

In  artificially  aged  state  there  should  be  produced  comparatively  small 
deformations.  Alloy  VAD23  is  expedient  to  apply  where  there  is  possible  prolonged 
heating  of  stz*uctures  to  comparatively  high  temperatures  (up  to  130-200®)  or  where 
maximum  strength  and  rigidity  at  normal  temperatures  are  needed. 

h)  Pounding  Aluminum  Alloys 

Founding  aluminum  alloys  have  to  fill  molds  well  and  not  to  give  cracks, 
friability,  or  bubbles  during  crystallization.  All  these  qualities  of  founding 
alloys  are  obtained  only  when  they  are  sufficiently  eutectic. 

Therefori .  all  good  founding  alloys  contain  corresponding  concentration  of 
elements  forming  eutoctoid.  But  purely  eutectic  alloys  have  low  strength.  For 
increase  of  strength  in  alloys  there  are  introduced  components  entering  in 
solid  solution  and  forming  phases  that  are  able  in  process  of  aging  to  fall  from 
solid  solution  and  strengthen  alloy. 

There  are  applied  both  binary  and  also  more  complex  founding  aluminum  alloys. 
Among  the  binary  alloys  one  should  note  alloys  of  aluminum  with  silicon,  aluminam 
with  copper,  and  aluminum  with  magnesium.  Alloys  of  aluminum  with  copper  have 
lowered  corrosion  resistance. 

Alloys  of  aluminum  with  silicon  (Silumin)  possess  excellent  founding 
properties,  however,  their  strength  is  conparatiYoly  low,  elongation  low  and  their 
structure  coarse,  For  improvwBmt  of  mechanical  properties  and  structure  coarse. 


Silumlns  are  modified  by  means  of  introduction  of  sodium  into  liquid  melt* 

For  further  increase  of  mechanical  proparties  of  riilumins,  into  them  there 
are  introduced  mapnesium  and  copper  (separately  or  together).  In  this  case 
rilumins  obtain  ability  to  be  strengthened  by  heat  treatment.  Content  of  copper 
and  marnesiun  is  chosen  so  as  to  cause  maximun  strengthening  after  heat  treat- 
nent  but  so  that  this  does  not  lead  to  fornation  of  fragile  eutectoids  (for 
instance,  A1  Mg^bi).  For  assurance  of  sufficient  ductility  content  of  silicon 
in  complex  .'ilaTins  is  decreased  in  comparison  with  binary  Cilamins,  Complex 
Silumins  are  inclined  to  formation  of  gas  porosity,  for  removal  of  which  there 
is  used  method  of  crystallization  under  pressure. 

The  binary  Silumins  having  industrial  value  include  alloy  AL2;  the  ternary 
Silumins,  A1  Si- Mg,  are  alloys  AI4  and  AL9.  Separately  cast  san^les  from  alloy 
AI2  have  strength  of  not  less  than  15-16  kg/nm^.  with  elongation  of  not  less 
than  2-4^.  Alloys  AI4  and  AL9  —  cast  in  chill  mold  and  thermally  treated  - 
possess  strength  of  not  less  than  20>24  kg/ton^  with  elongation  of  more  than 

2-4:^. 

Small  addition  of  beryllium  to  AlMgSi  alloys  gave  good  results  —  alloy 
VAL2,  The  alloy  contains  6-8^  silicon,  0.3-0.65^  magnesium,  and  O.S-O.'?^  beryllium. 
Mltimate  strength  of  alloy  VAL2  constitutes  26  kg/ram  ,  yield  point  —  22  kg/rm  , 
elongation  ~  2%,  In  founding  properties  alloy  VAL2  la  not  inferior  to  alloys 
AI4  and  A!/^  Deficiency  of  the  alloy  is  presence  in  its  composition  expensive 
beryllium,  also  requiring  observance  of  certain  safety  measurea. 

Alloys  based  on  systems  Al-Si-Cu  and  Al-Sl-Cu-Mg  (alloys  AL6,  Al?,  and  AL5) 
possess  satisfactory  founding  properties,  however,  eastings  frexn  them  are  dis¬ 
tinguished  by  great  gas  porosity.  For  Increase  of  density  of  eastings  liquid 
metsl  is  refined.  All  these  alloys  do  not  require  modification,  idiieh  is  their 
important  technological  advantage.  In  strength  Silumins  ccmtalning  coppsr  are 


I 


close  to  alloys,  but  their  ductility  is  considerably  Inrntr^  Intro¬ 

duction  of  copper  leads  also  to  impairment  of  corrosion  resistance  of  alloys. 

Binary  aluminum-copper  alloys  aro  in  founding  properties  worse  than  binary 
.''ilumins.  They  aro  strengthened  by  heat  treatment  and  have  greater  hot  stren/'th 
than  binary  J-ilumins.  Development  of  these  alloys  is  progressing  in  two 
directi  'ns: 

1)  by  means  of  introduction  into  their  composition  of  magnesium  (hero 
rhase  is  formed)  and  combined  additions  of  nickel,  maganese,  and  chromium  (alloys 
A!  7  and  AU); 

2)  by  means  of  increase  of  copper  content  and  introduction  into  alloy  of 
manganese  and  titanium  (here  the  Al-Cu-Mn  i^aae  is  formed  —  alley  AL19), 

Both  of  these  groups  of  alloys  have  large  interval  of  crystallisation,  and 
are  inclined  to  appearance  of  friability  and  hot  cracks.  In  founding  properties 
they  are  inferior  to  alloys  of  Silumin  type.  However,  their  properties  of  hot 
strength,  and  for  alloy  AL19  of  strength,  are  significantly  better;  therefore, 
for  the  last  few  years  they  have  found  %d.de  application. 

Tevelopment  and  adoption  of  alloy  AL19  were  significant  achievements  in 

field  of  founding  aluminum  alloys.  Alloy  contains  4. 5-5.3*  copper,  0.6-1^ 

manganese,  and  0,25-0.45^  titanium.  Quenched  and  artificially'  aged  alloy  (T5 

method)  ensures  strength  of  samples  separately  cast  in  earth  of  not  less  than 
2 

34  ry/rsn  elongation  of  not  less  than  4?.  Alloy  welds  well,  as  do  alloys  120 
and  ?y*0.  It  also  machines  well.  Corrosion  resistance  of  alloy  ATl''^  is  lowered 
also,  as  is  the  case  of  other  aluminum  alloys  containing  significant  concentra¬ 
tions  of  copper. 

Good  corrosion  resistance  and  significant  strength  belong  t''  binary'  alloys 
of  aluminum  with  magnesium  (alloy  AL3)  and  to  more  complex  alloys  of  alusdnun 
with  ittgnesium  and  additions  of  silicon  (alloys  VIll-3  ana  AL13)* 


Alloy  k\A  possesses  wide  interval  of  crystallization  and  is  inclined  to  be 
friable.  Thanks  to  lar^e  content  of  magnesium,  the  alloy  readily  oxl<^lze8;  more¬ 
over,  in  castings,  especially  in  massive  ones,  there  appears  so-called  black 
fracture,  leading  to  significant  decrease  of  strength  and  elongation.  Addition 
of  O.tV-O.OjT  beryllium  decreases  inclination  of  alloy  to  oxidation. 

Alloy  AIM  is  strengthened  by  heat  treatment  which  consists  of  heating  to 
430®,  holding  at  this  ti^mperature  for  15-i^O  hours  and  water  nr  oil  coolinv; 
essentially,  heat  treatment  is  reduced  to  homogenizing  (levelling)  annealing. 

With  correct  processing  alloy  AL8  has  strength  in  separately  cast  saopJea 

2 

of  not  less  than  28  kg/mm  and  elongation  of  not  less  than  9%, 

In  alloy  VIll-3  obligatory  elements  arc  beryllium  and  titanium.  Additicms 
of  beryllium  decrease  oxidation  of  alloy  during  melting  and  casting.  Titanium 
promotes  crushing  of  grain.  Silicon  (0.8-1.2>f)  improves  founding  properties  of 
alloy,  where  its  corrosion  resistance  is  not  Icjwred,  Tightness  of  castings  from 
alloy  VI 11-3  is  high.  Alloy  is  especially  useful  for  pressure  casting.  In  alloy 
AIi3  magnesium  content  is  lower  by  approximately  2  times  over  alloys  AL8  and 
VIll-3;  therefore  strength  of  alloy  is  lower  (<m  order  of  15  kg/ntn  ),  but  less 
also  is  its  inclination  to  oxidation  and  better  technological  properties. 

Heat  treatment  of  alloy  AI,13  is  usually  not  done. 

The  interesting  achievements  are  in  field  of  founding  alloys  of  Al-Zn-Mg 
system.  These  alloys  are  quenched  with  comparatively  slow  cooling  (for  Instance, 
with  air  cooling).  On  base  of  Al-Zn-Mg  system  there  has  been  developed  alloy 
VL15,  possessing  satisfactory  founding  properties,  significantly  exceeding  in 
strength  the  founding  alloys  used  without  heat  treatment,  and  which  '-s  not 
inferior  in  strength  to  many  heat  treated  founding  alloys. 

Alloy  VL15  contains  3.5-4.2<  line,  1.5-2^^  magnesium,  0,2-0, 5%  manganeee,  and 
0. 1-0.2^  titanium.  Its  strength  is  23  kg/un^,  elongation  is  3t.  As  all  alloys 


of  Al-Zn-Mf;  system^  alloy  VI, 1^  quickly  losoa  stronfth,  during  heatings.  In 
corrosion  resistance  it  exceeds  founding  alloys  containing  copp^jr. 

Alloy  VI 15  is  expedient  to  apply  in  those  cases  when  it  is  desirable  to 
avoid  heat  treatment,  special  complexities  during  casting,  an<J  when  average 
strength  and  sufficient  corrosion  resistance  are  required, 

SAr*s  (Baked  Aluminum  Powders)  and  Vykl^'s  (Baked  Alumin'ir:  A 1  Joys) 

All  thermally  processed  metallic  alloys  arc  strengthened  with  help  f,f  smallest 
particles,  chemical  compounds,  or  intermediate  phases  falling  from  supersaturated 
solid  solution.  If  in  process  of  heatings  the  particles  are  enlarged,  strength 
of  alloys  is  lowered  —  alloy  "overages”  or  is  annealed.  Necessary  prerequisite 
for  strengthening  of  thermally  processed  alloys  is  insolubility  in  the  basic 
metal  of  those  additions,  which  henceforth;,  foming  suitable  compounds  and  fall  big 
from  hardened,  supersaturated  solid  solution,  will  be  called  strengthening  of 
alloy.  Th?s  ccnditiwi  (solubility  and  formation  of  suitable  phases)  significantly 
narrows  possibility  of  creation  of  new  alloys  with  desirable  properties.  In 
principle,  a  new  oeaxts  of  obtaining  alloys  with  the  sought  properties  is  that  )f 
baked  alurunuir  powder  (SAP)  and  baked  aluminum  alloys  (SAS).  In  this  case  also, 
strengthening  of  material  is  attained  by  the  smallest  particles.  They  are, 
h  wever,  introduced  into  structure  of  basic  metal  not  from  supersaturated  solid 
dulion  but  by  combined  cherr.ico-mechanical  means. 

Process  of  obtaining  an  SAP  is  brlsfly  as  follows:  liquid  altainuB  is  atowlsod 
and  then  crushsd  in  ball  allls;  hers  there  are  foraed  thin  files  of  aluadnia, 
thickness  of  which  is  Isss  than  lu  .  Siadlar  alvadmai  powder  explodes  upon  contact 
w:lth  air.  Therefoare,  break^jig  is  done  in  neutral  aediue,  for  instance  in  ataosphere 
oi  nitrogen.  To  the  nitrogen  is  added  a  aaall  quantity  of  oagrgen;  with  this  thers 
occurs  oxidation  of  ths  powder  (laalnae  of  alualnta  are  covered  with  a  still  thinner 
file  of  aluainua  oxide).  Subeequentlj,  powder  is  pressed  (it  is  subjected  to 


S  ' 


heatin^»,  pressure,  and  deformation);  there  are  formed  briquettes,  from  which 
art*  obtained  pressed  and  rolled  articles,  sheets,  foil,  rods,  profiles,  forgin/^s, 
and  staTpinfs.  llxternallv  they  do  not  differ  from  the  usual  aliiminum  alloys. 

Initial  laninae  of  alaminum,  covered  with  oxide  film,  ore  turned,  deforrr.ed, 
and  gr>'und;  the  oxide  fiJn  bursts.  After  re3;)ective  heatings,  and  sufficient 
J»  greo  of  defomation  structure  of  looks  like  a  solid,  light  matrix  of 
alumina'-  in  which  there  are  interspersed  smallest  particles  of  aluminum  'xide. 

Tn  dimensions  they  are  close  to  those  particles  which  in  thermally  strengthened 
aluminum  alleys  fall  from  supersaturated,  solid  solution  in  process  of  a^ing. 

Therefore^  particles  of  aluminum  oxide  in  3AP  are  also  able  to  evoke  strenthen- 
ing  aluminum,  as,  let  us  say,  do  the  intermediate  phases  of  chemical  compound 

OuAL.  in  alloy  Cl.  However,  compound  A1,0  has  at  the  sane  time  indisputable 

■*-  '-3 

advantage  over  compound  CUAI2.  Al20^  is  melted  at  imieasurably  higher  temperature 
than  ruAl2;  therefore  it  ensures  much  higher  hot  strength  of  aluminum  th*i.i  alley 
ri.  SAP  can  >’ork  at  temperatures  of  500-550®,  which  are  abs  olutely  unacceptable 
for  other  aluminum  alloys.  Furthermore,  ruAl2  particles  coagulate  (are  enlarged) 
si rr.ificantlj'  faster  than  AI2O2  particles.  As  a  result,  strength  -'f  alley 
with  increase  of  time  of  holding  at  heightened  temperatures  is  quicKly  lowered. 
Article  -nade  from  SAP  is  comparatively  slightly  reduced  in  strer.gth  after  holding 
f^r  thousands,  terns  of  thousands,  and  hundreds  of  thousanas  of  hours. 

farticlcs  sirengtr.cning  dxiring  aging,  as  u  mlc,  evoke  appearance  of  sinf a.  ar¬ 
able  difference  of  potentials  and  worsen  corrosion  resistance  of  aiuminun.  In 
SAP  this  negativ**  defect  Is  practically  absent  and  corrosion  resistance  of  CAP  is 
the  same  as  and  for  alumin^m^ 

At  last,  in  process  of  meltir.g,  casting,  and  crystallliation,  and  then  sub¬ 
sequent  recry staiii sat l-?n,  in  structure  of  aluminum  alloys  there  appears  a  whole 
scries  of  nonnetallic  contaminations,  inclusions  of  intenmtalllc  compounds,  and 


regions  of  recrystallitation;  ajxl  strength  and  corrosion  resistance  of  structures 
are  noticeably  loirered.  In  the  iiAP  all  these  unfavorable  factors  are  excluded. 

Consequently,  SAP  ahoiild  be  applied  %diere  structures  are  heated  to  300-500'', 
where  there  is  required  combination  of  sufficient  strength  and  good  corrosion 
resistance,  and  where  it  is  necessary  to  exclude  influence  of  coarse-structure 
heterogeneities. 

From  SAP  it  is  possible  to  prepare  sheathing,  power  set,  honeycomb  panels, 
pistons,  helicopter  blades,  pipes,  and  so  forth.  Properties  of  SAP  depend  on 
content  of  aluminum  oxide  in  initial  powder.  With  increase  of  quantity  of 
otluminum  oxide  in  initial  aluminum,  strength,  stress-rupture  strength,  and 
hardness  increase,  and  ductitity  and  specific  conductance  are  Icarered.  Strength 
of  pressed  rods  in  increased  from  7-6  (for  pure  aluminum)  up  to  40-44  kg/mn^; 
hardness  Hg  is  increased  from  20-25  to  120  kg/nn^;  elongation  is  lowered  to  At 
500°  SAP  has  short-term  strength  of  order  of  12-14  kg/mm^  and  stress-rupture 
strength  of  order  of  5-7  kg/ian^.  At  present  in  industrial  adoption  is  alloy  SAPl 
(with  aluminum  oxide  content  of  6-11  ^)«  Sheets,  profiles,  and  forgings  from  SAPl 
have  strength  of  31-35  kg/rnn^^  yield  point  of  19-25  kg/mm^,  and  elongation  of  2-8$, 
SAPl  is  welded  by  resistance  welding.  Recently  it  was  found  that  SAPl  subjected 
to  special  treatment  can  successfully  be  welded  by  argon  arch  welding  also.  As  a 
result  of  this  treatment,  strength  of  SAPl  drops  by  2-3  kg/mm^,  and  elongation  is 
noticeably  increased. 

Along  with  alloy  SAPl  there  is  being  adopted  SAP2,  containing  11-16$  aluminum 
oxide.  Semifinished  products  from  SAP2  have  strength  of  40-44  kg/nm^,  yield  point 
of  24-26  kg/nm^  and  elongation  of  2-3$. 

On  the  same  principle  SAP  it  is  also  possible  to  obtain  baked  aduminum  alloys; 
here  it  is  possible  to  introduce  into  alloy  significant  quantities  of  insoluble 
elements  in  the  form  of  the  finest,  evenly-distrlbuted  particles,  for  instance, 
up  to  10$  iron.  Furthermore,  it  is  possible  in  such  a  way  to  avoid  those  struc¬ 
tural  heterogeneities  of  which  we  spoke  earlier. 


In  p4rtic\>lar,  helicopLer  bladoa  made  from  baked  alloy  A!)33  will  probably, 
possess  more  uniform  structure  than  the  same  blades  obtained  from  infots. 

Recently,  there  was  offered  liAIil-Alloy  with  very  hiph  silicon  content  and 
certain  other  additions.  differs  in  sharply  lowered  coefficient  of  linear 

expansion  (15)xl0“^  instead  of  22x10“^  for  aluminum),  sufficient  strength  (2> 
kp/mn^),  and  hifh  elastic  modulus  (on  order  of  10,000  kr./ni/'). 

rtudy  of  :;Ar  and  I'M]  has  just  be^un.  Their  possibilities  are  still  by  far 
tmrealized. 


3.  Foam  Aluminum 

A  big  achievement  in  technology  of  production  of  aluminum  articles  is  the 
obtaining  of  foam  aluminum.  In  principle,  process  of  manufacture  is  simple. 
Liquid  alviminun  is  passed  through  a  screw  device,  reminiscient  of  a  meat-grinder, 
in  which  it  is  mixed  with  powder  of  titanium  hydrids.  Hydride  is  decomposed,  re¬ 
leasing  large  quantity  of  hydrogen  bubbles.  Titanium  liberated  in  the  reaction 
is  assimilated  by  the  aluminum.  The  foamed,  intensely  aerated  mass  is  quickly 
poured  in  molds  and  congeals  before  bubbles  of  hydrogen  can  manage  to  separate 
out.  There  is  formed  a  cellular  mass  with  specific  gravity  equal  to  0. 5-0,6  or 
even  0,3  g/cm  .  Pores  are  closed,  therefore  foam  aluminum  floats  on  water. 
Material  is  easily  cut,  soldered,  and  welded.  Properties  of  foam  aluminum  are 
given  in  Table  4. 


Table  4.  Properties  of  Foam  Aluminum 
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Foam  aluminum  works  well  under  compression,  therefore  it  can  be  used  as 
filler,  for  instance,  in  exchanfe  for  honeycomb  panels,  manufacture  of  which  is 
rather  complicated  and  very  timc-cimsuming.  Foam  aluminum  is  an  excellent  heat- 
and  soundproofing  material.  Manufacture  of  foam  aluminum  may  be  set  up  in  any 
factory  where,  besides  bars  and  ingots,  it  is  also  possible  to  obtain  parts  of 
complex  form  from  it. 


AIJJMINUM  ALLOTG  IN  CIVIL  CONSTRUCTION 


N.  M.  Edel'man,  Engineer 


For  the  last  few  years,  aluminum  alloys  have  found  ever  wider  application 
in  ci\il  construction. 

Low  specific  gravity,  good  corrosion  resistance,  high  mechanical  properties 
not  inferior  to  properties  of  separate  sendfiniahed  products  of  steel,  good 
appearance,  and  possibility  of  application  of  different  decorative  and  protective 
coverings  and  finishings  (anodizing  of  different  colors  and  tinits,  ematol, 
enameling  etc, )  make  alloys  from  aluminum  a  new,  progressive  material  in  civil 
construction. 

Some  such  alloys,  obtaining  wide  application  both  in  this  country  and 
especially  abroad,  are  alloys  of  AlMgSi  system. 

In  Soviet  Union  alloys  of  this  system  are  known  under  brands  AD31,  AD33,  and 

AV. 

In  America  —  representatives  of  alloys  of  this  system  are  alloys  6061, 

6062,  6063,  and  6151. 

In  England  —  alloys  9  (Noral  50S*^);  19  (Noral  515),  20  (Moral  655),  and 


^In  England,  as  in  many  other  foreign  countries,  different  firms  supply 
material  with  different  specifications.  Thus,  for  instance,  by  specification  3. 

S,  (British  Standard)  alloy  of  composition  0.4-0. 95?  Mg  and  0.3-0.7  Si  has  brand  9, 
and  by  Noral  specification  —  50S, 


10  (Nor»l  B51S). 


Tn  KFir,  -  alloys  AlM#?r.iO,  AlUrSll,  and  AlMp.'Ul,  5. 

In  Canada  -  Alcan:  510.,  650,  etc. 

Wido  application  of  alloys  of  this  system  io  due  to  their  high  ductility, 
corrosion  resistance,  good  decorative  appearance,  and  satisfactory  weldability, 

Tn  Table  1  there  are  given  chemical  composition  and  typical  values  of 
•^ochanical  properties  of  alloys  of  AlMgCi  system,  applied  in  different  countries 
(in  state  of  full  heat  treatment;  quenching  plus  artificial  aging). 

From  data  of  Table  it  is  clear  that  certain  alloys  of  AlMgCi  system  ir, 
different  countries  have  practically  the  sane  chemical  composition  and  the  same 
value  of  mechanical  properties. 

Thus,  for  instance,  in  all  shown  countries  there  is  low-component  alloy 
composed  of  0.4-0, 9^  Mg  and  0,2-0,?^  Si,  This  alloy,  both  here  (AD31)  and  abr-^ad, 
is  applied  in  civil  construction,  basically,  in  the  form  of  pressed  profiles  for 
window  frames,  doors,  partitions,  and  so  forth. 

Alloy  of  this  composition  has  average  strength,  high  ductility  (thanks  tc 
high  ductility  of  alloy  in  state  there  can  be  made  profiles  very  ccoiplex 
forms  from  it),  good  corrosion  resistance,  capability  for  anodizing,  and  satisfac- 
t  tn,'  weldability. 

In  the  United  States,  England,  Canada,  and  Soviet  Union  there  is  alloy  of  com¬ 
position  0.8-l,2iS  Mg,  0.4-0. 8^  Si,  0,15-0, 45C  Cu,  and  0,15-0.355^  Cr. 

Composition  of  this  alloy  corresponds  to  original  American  alloy  6061.  All 
ether  alloys  of  this  composition  are  its  analogs. 

Alloy  6061,  having  in  America  the  widest  application  of  all  alloys  of  AlMgSi 
system,  is  used  for  manufactuire  of  all  forms  of  semifinished  products  (sheets, 
profiles,  pipes,  rods,  strips,  plates,  wire,  etc.).  This  alloy  is  applied  in 
load-bearing  structures  whore  there  must  be  high  corrosion  resistance,  as,  for 


Table  I.  Chemical  Composition  and  Mechanical  Properties  of 
Aluminum  Alloys  of  AlMgSi  System 
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Canada;  (g)  Brand  of  alloy;  (h)  Chemical  cor^TOsition  in  f>i  (i)  Tj'pical  nechanical 
properties;  (j)  Form  of  semifinished  products;  (k)  Sheets,  profiles:  (l)  Forgings; 

(m)  Chrcciiun  and  manganese  in  a-ount;  (n)  AD31,  AD33,  AV;  (o)  in  kg/nm^;  (p)  no  more  than. 


instance,  In  bridge  building,  in  railroad  transp-Ttatl'm  (f^r  btxiles  of  trucks, 
franes  of  railroad  trucks,  railroad  cars),  in  construction  of  '’ivic  buildings, 
and  so  forth. 

In  ;'Oviet  Union,  the  United  :>tates,  Knpland  RIT#,  and  other  co'.ntrles  there 
is  alloy  of  coiufosiLion  O.AS-l'i'  Mp  Si  (native  allr)y  A'.  ,  with  different 

additions  Oi  i,  Mn,  and  Hr. 

Alloy  of  this  composition  possesses  somewhat  hi^^her  strength  characteristics 
as  c ''-'nared  to  above-mentioned  alloy  ^<0^1,  however,  its  corrosion  re3i:,tauice  is 
sipnificantly  lower. 

Therefore^ in  the  United  states  this  alloy  found  applicatior  only  in  f^rpinfs 
and  stampinps  for  which  questions  of  corrosion  resistance  are  not  limiting,  thanKS 
to  sizable  dimensions  of  articles. 

Here  in  Soviet  Union  from  alloy  AV  there  are  prepared  all  forms  '  f  seri- 
finished  products.  Alloy  of  composition  0.4-1. 5/K  Mg,  0.6-1, 6^  Si,  and  0,4-1^  Mn 
exists  in  Enpland  (alloy  30),  in  FRC  (AlMpSil,  5)»  in  France  (ASG),  and  in  other 
countries.  According  to  data  from  these  countries,  it  is  known  that  the  alloy 
has  the  highest  mechanical  properties,  as  compared  to  other  alloys  of  AL’iph'i 
syste-.  From  alloy  of  shown  composition  there  are  prepared  all  forms  of  semi¬ 
finished  products.  The  alloy  has  good  corrosion  resistance,  weldability,  and 
capability  for  anodizing. 

In  Soviet  Union  an  alloy  of  this  composition  is  in  stage  of  investigation. 

In  connection  with  development  of  trade  between  countries  there  has  arisen 
necessity  of  establishment  of  a  single  international  standard  for  alloys  of 
Al-Mg-Si  system. 

In  Table  2  there  is  given  chemical  composition  of  offered  alloys. 


Tabl«  2.  Chemical  Composition  of 
Alloys  of  Al-y^j-3i  System 
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.KI*T:  (a)  Type  of  alloy;  (b)  Chemical  compos  .t ion,  in 
(c)  Modifying  elements. 


Fro"i  given  data  it  is  clear  that  alltiy  No,  2  in  chemical  corposition  corres- 
p<'>nd8  to  native  alloy  AD31,  and  alloy  No.  3  -  to  alloy  AD33.  Alloy  of  composition 
No.  1,  as  we  noted  above,  at  present  is  in  stage  of  Investigation. 

Thus,  for  needs  of  civil  construction  at  present  in  Soviet  Union  from  alloys 
of  AlMgSi  system  there  can  be  recomaened  alloys  AD31,  AD33»  ai»d  AV. 

Standard  alloy  AV  has  been  known  in  Soviet  Union  since  1935,  and  it  was  in¬ 
cluded  in  All-'Wcn  Government  Standard;  its  properties  have  been  studied  in 
considerable  detail,  and  they  are  given  in  appropriate  reference  books. 

Alloys  AD31  and  AD33,  know  earlier  under  brands  AVCh  (AD31)  and  AMK  (ALOi), 
not  standardized,  their  properties  up  to  now  had  been  studied  Insufficiently, 

Arti  ’^les  from  these  alloys  made  by  metallurgical  factories  were  supplied  according 
to  STU  [Tech.  Specs],  as  a  rule,  without  test  of  mechanical  properties. 

In  1^50  for  alloys  AP31  and  AD33  there  were  composed  certificates  No.  A  >5 
(for  Ar3l)  and  No,  4^6  (for  AD33).  Below  we  shall  give  properties  of  these  allovr-. 


Properties.  Characteristic  peculiarities  of  this  allo:^  are  average  strength, 
high  ductility,  good  appearance  of  seedfinished  products  (especially  after 


♦Investigation  of  properties  of  alloys  AD31  and  AD33  was  conducted  by  the 
author  jointly  with  Z.  I.  Starostina  ana  Ye,  A.  Gubareva. 
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-ochanlcal  polishing),  and  p  >od  corr  )3inn  rcMistarce  (for  manufacture  >f  articles 
f  ir  decorati'.e  purposes  with  especially  r 'Od  surface  polish  of  'netal,  as,  for 
instance,  for  watch  cases  it  is  rec  )mnended  t  use  alloy  of  conpositi  >n:  J.l,',- 

Mp,  0.4-0.  5‘^  l  i,U.0!)?5  Cu,  and  0.12  Ft). 

From  the  alloy  there  can  he  prepared  both  pressed,  serrifinisned  products, 
profiles,  rods,  strips,  pipes,  and  also  sheets.  Pressed  articles  and  sheets 
material  from  alloy  ADJI  have  the  same  values  of  mechanical  properties. 

Alloy  -  thermally  strengthened  (temperature  of  quenchinr  temperatiore 

f  arin/»  16C®,  time  of  holdinp,  durinp,  agin^  12-16  hours).  Ivtren^^thcninf:  has 
place  both  in  process  of  natural  and  also  of  artificial  aging. 

Strengthening  of  alloy  at  room  temperature  is  most  intense  during  first  3C 
rinutes  and  is  concluded,  basically,  after  10  days.  Further  increase  of  ti -e  f 
holding  to  2  months  practically  does  not  change  properties  of  alloy  (Table 


Table  3.  Influence  of  Natural  Aging  on 
Mechanical  Properties  of  Alloy  AD31 
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Note:  Test  of  mechanical  propez^ies  was  luade  on 
samples  of  laboratory  manufactture.  Mechanical 
properties  of  seadflnlshed  products  of  alloy  AD31-T, 
prepared  under  lndu«trxal  conditions  are  the  x'oUowtng, 

«*  =  16  to  18  kg/mm^,  *0,2  9  to  10  kg/mm^,  and 

«  =  20  to  253t. 

KET:  (a)  Time  of  holdlr,g,  in  hours;  (b)  in  kg/mm^; 

(c)  in  %. 

The  highest  .alues  of  nechar.icai  properties  of  material  of  alloy  A;“31  are 
attained  after  artificial  aging. 

Mechanical  properties  •'>{  pressed  anc.  rolled  senifinished  products  at  a 


te-perat'u*e  of  20®  ar^*  pre5en***d  ir  Tibl-'  i. 


Table  k.  Mechanical  Properties  of  Alloy  ADjl 
(after  Artificial  Afin<?) 


r»o4TT*t  rnjttit 

B  n 

ft 

Vj 

•* 

• 

f 

- 

{  '•J  M 

k"*  i  Kt/miB  j 

:  » 

•  ^ 

i 

\ 

TienMSMwc  .  . 

7100  2700 

0.31 1 

14 

21 

24 

lU  12 

( 

15j80 

9 

4  6 

■hi  1 

rapjHTHpyfMhse  .  j 

-  1- 
1 

— 

15 

2o| 

1 

10 

— 

_LI 
1  1 

— 

\ 

1 

♦Fetijrue  limit  •-!  was  determinecl  with  cantilever 
bending  of  revolving,  rotmd,  smooth  sample  on  base  of 
20  /niiiion. 

KEY:  (a)  Mechanical  properties  of  alloy;  (b)  Typical; 
(c)  Guaranteed;  (d)  In  kg/an^:  (e)  in  %;  (f)  kgn/cm^ 


Values  of  nechariicai  properties  of  pressed  and  rolled  semifinished  pr  ducts 


are  practically/'  not  changed  in  their  length  and  width  in  case  of  sheet  material 
(Table  5). 

Weldinp  of  se-ni finished  products.  Alloy  AD31  welds  well  by  resi^tamce  (spc* 
and  r?ll)  *r2ldinr  and  satisfactorily  by  argon  arc  and  gas  welding. 

It  is  known  that  alinys  if  AlKgSi  system  (An31,  Ar33,  AV)  have  great  imlina- 


tion  to  fcrmatl-'>n  of  crystallisation  cracks  luring  arg-n  arc  and  gas  weldirg 
weldinr  roc  having  composition  of  basic  material  is  used.  Coefficient  f 
crack  formatiori  K  in  this  case  reaches  *>0^60%.  Ultimate  strength  -f  welded  ^<5.1 
c  r.stitutes  '  of  ultimate  strength  of  basic  material. 

Application  of  welding*  rod  AK  (Al-5'^  significantly  liwiprs  inclinati 'n  of 
all-^/5  t=i  ferrati'^n  of  crj'staiiiJtativ^rs  crachi-practlcali''  i0-20t.  Ctrengtn  f 
welded  ^sam,  as  in  case  of  use  of  welding  rod  of  basic  c  mpositioTi,  also 
constitutes  vC-?v>^  of  strength  of  basic  material, 

ruosfwyuert  qiienchlng  and  agirig  of  welded  Joints  If  neat  treatment  ib 


• 


i 


Table 


5.  Mechanical  Properties  of  Pressed  and  Rolled  Senifinished 
Products  From  illloy  AD31  in  Artificially  Aged  State 
in  Length  and  Cross  Section 
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Note:  Profiles  PS1CX)-10  had  length  of  6-7  m.  From 

outlet  end  at  distance  of  200  mn  for  teet  there 
were  taken  first  five  samples  of  1  =  210  ion. 
Subaeqv’nt  samples  were  test  at  each  400-500  ran. 


possible)  increase  strength  of  seam  practically  to  90-95/f  of  9^  of  basic  material. 

In  civil  construction,  where  in  many  cases  the  assurance  is  necessary  of 
good  decorative  appearance  of  structure,  application  of  welding  rod  AK  during 
welding  is  not  always  desirable  since  welded  seam  after  anodizing  has  dark  color, 
and  in  this  case  structure  must  be  painted.  If  elements  of  the  structure  can  be 
welded  on  butt-welding  (as  for  example,  parts  of  stained  glacs  panels),  it  is 
necessary  to  use  machines  ensuring  good-quality  seam  without  application  of  fluxes 
and  addition  material.  Such  butt-welding  machines  at  present  in  Soviet  Union  are 
coming  into  use  (Ye,  0.  Paton  Institute);  production  and  application  of  them  must 
be  speeded  up. 

In  Table  6  there  are  gl\^n  results  of  tests  of  mechanical  properties  of 
welded  Joints  of  sheet  maturial  of  allc^  AD3I*,  welded  by  automatic  argon  ai*c 
welding  with  infusible  electrode. 


Tahld  6.  Mechanical  Properties  of  Welded  Joints  of 
Sheet  Material  of  Alloy  AI)31 
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KEY;  (a)  State  of2material;  (b)  Form  of  semifinished 
pact;  (c)  in  kg/ram'^  with  strengthening;  (d)  Angle  of  bend, 
in  degrees;  (e)  After  welding;  (f)Sheet  ^  2.  Profile 

strip  7.5x80  nn;  (g)  After  heat  treatment  (^enching  * 
artificial  aging);  (h)  Sheet;  (i)  in  k®n/ca^. 


^Welding  of  semifinished  products  of  alloy  AD3I  was  done  by  Yu.  P.  Arbuzov 
and  M.  N.  Naumova. 


HI 


CorroBlon  resiatar.ce  of  semifiniahed  products*  was  tested  on  samples  pre¬ 


pared  from  sheets  and  pressed,  semifinished  products  for  general  corrosion  and 
under  conditions  of  stress  corrosion. 

Test  for  general  corrosion  resistance  was  conducted  under  conditions  of  full 
submersion  in  3%  solution  of  NaCl  with  addition  of  0,1%  ^^2^2  ^  months. 

Appraisal  of  corrosion  resistance  in  this  case  was  made  according  to  loss  of 
!necha:iical  properties  as  a  result  of  corrosion.  Stress  corrosion  test  was  con¬ 
ducted  on  corrosion  wheel  under  conditions  of  variable  submersion  in  3%  solution 
of  NaCl  on  samples  in  form  of  loop  from  sheet  material  with  thickness  of  1,5  mm 
and  on  samples  "forks,"  prepared  from  pressed  strip  of  dimension  7.5  x  80  mm 
(samples  for  corrosion  tests  were  cut  in  transverse  direction).  In  Table  7  there 
are  given  results  of  three-month  tests  of  shoe!  and  pressed  materials  of  alloy 
AC3I  under  conditions  of  full  submersion  in  3%  solution  of  NaCl+0,lH202  (in  table 
there  are  given  mean  values  from  five  samples). 

For  comparison  this  table  there  are  given  data  on  test  of  alloy  AV,  con¬ 
taining  copper  at  upper  and  lofer  limitn. 

As  follows  from  presentea  data,  semifinished  products  from  alloy  AD31  have 
good  corrosion  resistance,  significantly  higher,  as  compared  to  corrosion  resis¬ 
tance  of  se?nifinisned  products  from  alloy  AV, 

In  Table  8  there  are  given  results  of  annua?  test  of  alloy  AD31  under 
atmospheric  conditions  in  industrial  area. 

Consequently,  semifinished  products  from  alloy  AD3?  also  possess  good 
corrosion  resistance  under  atmospheric  conditions. 


■^Investigation  of  corrosion  resistance  of  alloy  AD31  was  conducted  by  Ye. 
I.  Burova  and  L.  I.  Agapova, 


Tabltt  7.  Compariaon  of  Mechanical  Properties  of 
Alloys  AD31  and  AV 
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K€Y:  (a)  Brand  of  alloy;  (b)  Form  of  semifinished 
product;  (c)  Mechanical  properties  before  corrosion; 

(d)  Mechanical  properties  after  corrosion;  (e)  Losses' 
of  mechanical  property  in  (f)  Sheets  4  *  2jmn;  (g) 
Pressed  rod  with  diameter  of  20  mm;  (h)  Sheet  4^  *  2  ran. 
(i)  in  kg/am^;  (j)  in 

Table  8.  Influence  of  Corrosion  on  Mechanical 
Properties  of  Alloy  AP31 
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Key:  (a)  Form  of  eeoiiflniehed  product;  (b)  Mechanical 
propertiea  before  corrosion;  (c)  Mechanical  properties 
after  corrosion;  (d)  Losses  in  %;  (e)  Sheet  4*2  ■§: 

(f)  Pressed  rod  with  diasMter  of  20  (g)  in  kg/nr; 

(h)  in  %, 

Alloy  AD31,  as  all  alloys  of  AlMgSi,  is  not  inclined  to  stress  corrosion. 
Samples  made  from  sheets  4  *  2nn  and  pressed  strips  with  dimension  7.5x80  mm 
with  stood  stress  without  failures  for  more  than  a  year. 

Ductility  of  alloy  at  temperature  of  pressure  treatme'-it  of  480-510*  is  high. 
Machinability  in  state  T  and  T1  is  satisfactory,  in  annealed  state  —  unsatis¬ 
factory. 


Physical  Properties 


Specific  gravity  .  2.71  g/cm^ 

Coefficient  of  linear  expansion  (  ): 

at  20-100® .  23.4  10-6 

"  20-200® .  24.3  10-6 

•'  20-300®  .  . .  25.8  10“6 

"  20-400® .  26.7  10-6 

"  100-200® .  25.3  10-6 

»'  200-300® .  28  10"6 

"  300-400® .  29.9  10-6 


Thermal  conductivity  at  20-400®  ....  0.45  cal/cm  sec  deg 

Heat  capacity  at  100-400®  .  0.22-0.25  cal/g  deg 

Specific  electrical  resistance  ....  0.0344  ohm  mn^/m 

Application.  Alloy  AD31  may  be  widely  used  in  civil  construction,  where 
there  are  required  average  strength,  good  ductility,  corrosion  resistance,  and 
good  decorative  appearance. 

In  civil  construction  alloy  AD31  is  most  widely  used  in  the  form  of  pressed 
semifinished  products  for  window  frames,  doors,  partitions,  risers,  and  so  forth. 


2.  Alloy  AD33 

Properties.  Alloy  AD33  of  AlMgSi  system  has  composition:  0.8-1. 2^  Mg,  0.15- 
0.4^  Cu,  0.4-0.856  Si,  0.15-0.35/6  Cr,  up  to  0.15^  Ti,  and  possesses  average  strength 
and  good  corrosion  resistance  in  humid  and  marine  atmospheres. 

From  the  a  loy  there  can  be  prepared  all  forms  of  semifinished  products. 

Alloy  is  thermally  hardened  (temperatiure  of  quenching  is  520|i5®,  temperature  of 
aging  160®,  time  of  holding  during  aging  16-20  hours).  Alloy  is  hardened  both 
in  process  of  natural  and  also  in  process  of  artificial  aging. 

Increase  of  strength  characteristics  at  room  temperature,  basically,  is 
terminated  by  10-15  days.  Further  increase  of  time  of  holding  to  2  months  prac¬ 
tically  does  not  change  properties  of  alloy  (Table  9). 


The  highest  values  of  mechanical  properties  are  reached  by  material  of  alloy 
AD33  after  artificial  aging  (see  Table  10). 

Welding  of  semifinished  products.  Alloy  AD33*  welds  well  by  x*eslstance  (roll 
and  spot)  welding  and  satisfactorily  by  argon  arc  and  gas  welding. 


Table  9.  Influence  of  Natural  Aging  on 
Mechanical  Properties  of  Alloy  AD33 
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Note:  Test  of  mechanical  properties  was  made  on 
samples  of  laboratory  smnufacture.  Semifinished 
products  of  alloy  AD33  prepared  under  industrial 
conditions  in  naturally  aged  state  hawe  following 
typical  mechanical  proMrties:  eb  •  23  hg/am^, 

2  =  lA  to  15  kg/Bsi2^  c  «  15  to  205^. 

KEY;  (a)  Time  of  holding  in  hours;  (b)  min;  (c) 
days;  (d)  in  (e)  in  %, 

In  Table  11  there  are  given  results  of  tests  of  mechanical  properties  of 
welded  samples  of  sheet  material  of  alloy  AD33  (  »  -  2  nm)  welded  by  automatic 
argon  arc  welding  with  infusible  electrode. 

From  given  data  it  follows  that  alloy  AD33  In  »tate  of  welding  has  ultimate 
strength  equal  to  SOJt  of  strength  of  basic  material. 


♦Investigation  of  weldability  of  aUoy  AD33  was  conducted  by  Tm.  P.  Arbuaov 
and  M.  N.  Naumova. 


Table  10.  Mechanical  Properties  of  Pressed  and  Rolled 
Semifinished  Products  from  Alloy  AD33  after 
Artificial  Aging  at  a  Temperature  of  20® 
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♦Fatigue  limit  was  determined  with  cantilever  bend 
of  revolving,  round,  smooth  sample  on  base  of  20  million 
cycles. 

KEY:  (a)  Mechanical  properties  of  alloy;  (b)  Typical; 
(c)  Guaranteed  ;  (d)  in  kg/ims^;  (e)  in  %;  (f)  in  k0n/cm2. 


Table  11.  Mechanic:^!  Properties  of  Welded  Samples 
form  Sheet  Material  of  Alloy  AD33 
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KEY:  '^-x)  State  of  material;  (b)  With  strengthening:  (c)  With 
removed  strengthening;  (d)  In  fused  metal;  (e)  In  vone  of 
alloying;  (f)  Angle  of  ^nd  in  degrees;  (g)  Impact  toughness 
in  kgm/cm^;  (h)  In  fused  »one;  (l)  Note;  (j)  After  welding; 

(k)  After  heat  treatment  (quenching  artificial  aging);  (1) 

Sheets  were  welded  by  welding  rod  AK  (A1 — 5%  Si);  (■)  in 

After  heat  treatment  ultimate  strength  significantly  increases  and  practically 
attains  strength  of  basic  material.  Ductility  of  alloy  (angle  of  bend)  is  not 
changed. 

Corrosion  resistance  of  semifinished  products  (sheet  i  ^  2im  and  pressed 


profile)  of  alloy  AD33  was  also  tested  for  general  corrosion  under  conditions  of 


stress  corrosion.# 


In  Table  12  there  ar*'  given  results  of  three-month  tests  of  sheet  and  pressed 
material  for  general  corrosion  under  conditions  of  full  submersion  In  3%  solution 
of  NaCl  4  0.1^  H2O2  In  comparison  with  standard  alloy  AV,  containing  copper  con¬ 
tent  at  upper  and  loirer  limits. 


Table  12.  Influence  of  Corrosion  on  Mechanical 
Properties  of  Alloy  AD33 
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KET;  (a)  Brar.i  of  alloy;  (b)  Form  of  sesdfinlahed  pro¬ 
duct;  (c)  Mechanical  properties  before  corrosion;  (d) 

Mechanical  properties  after  corrosion;  (e)  Losses  of 
mechanical  properties  in  %i  (f )  Sheet  1*2  oa;  (g) 

Profile  PS75A-2;  (h)  in  kg/rn^;  (i)  In  %, 

From  given  date  it  follows  that  ecnrosion  resistance  alloy  AD33  is  good  and 
significantly  higher  than  corrosion  resistance  of  standard  alloy  AV. 

Investigation  of  alloy  under  conditions  of  stress  corrosion  showed  that 
alloy  A033f  as  other  alleys  of  AIMg  Si  system  (AV,  AD31),  is  not  inclined  to 
stress  control. 

All  test  samples  were  found  after  annual  test  to  be  wlthour  failure. 

Apolication.  Alloy  AD33,  because  of  all  Its  characteristics,  can  be  widely 
used  in  civil  construction,  where  there  are  re^iired  average  strength,  good 

»Investigation  of  corrosion  resistance  of  sheets  of  alloy  AD33  was  conducted 
by  Te.  I.  Burova  and  L.  I.  Agapova;  investigation  of  corroeiaa  resistance  of 

pressed  profiles  by  —  S.  M.  Ambertsiayan. 


ductility  and  corrosion  resistance,  and  also  in  humid  and  marine  atmospheres. 


rhysical  Properties 


Specific  gravity  2.71  g/cm^ 

Coefficient  of  linear  expansion  (a.l0“6); 

at  20-100® . 23.2  10"^ 

''  20-200® . 24.1  10'^ 

"  20-300® .  25  ICr^* 

'•  100-200® . 25.1  10-6 

"  200-300® . 26.7  10"^ 


Thermal  conductivity  at  20-300®  . 
Heat  capacity  at  100-300®  .  .  .  . 
Specific  electrical  resistance  . 


.  .  .  0.34-0.41  cal/of*  sec  deg 
.  .  ,  0,225-0,25  cal/g  cleg 
.  .  .  0.438  ohm  nw^/m 


INVbSTIGATION  Ut  f^hloiCO-MiiCHANICAL  i-ROFERTIiiS  OF  ALUMINUM  ALLOYS  Dl-T,  U16-T, 

AMg61f  and  0l6-A(g/k) 

L.  P.  Shelastanko,  Cand.  of  Tech.  Sciences,  Yu.  M.  Nagevich,  Engineer 

Availability  of  data  on  mechanical  properties  of  aluminum  allays  is  necessary 
condition  for  development  of  eorr«spoi»iing  norms  and  msthods  of  calculation  of 
structures. 

Data  available  in  literary  sources  insufficiently  iUuadnate  these  proper* 
ties.  Thus,  for  instance,  there  is  usually  not  given  such  important  data  as 
primary  diagrams  of  cocapreasions,  limits  of  proportionality,  and  compressive  yield 
point,  extremely  necessary  during  tii9  analysis  of  questions  of  overall  and  local 
stability  of  structxires. 

As  it  is  kncm,  normative  and  calculated  resistances  are  usually  taken  to 
standardised,  as  identical  during  extension  and  compression,  and  if  for  steel, 
there  are  known  bases  for  this,  then  with  respect  to  aluminum  alloys  the  possi¬ 
bility  of  such  assunqption  requires  special  experimental  check. 

Of  indubitable  practical  interest  are  values  of  coefficient  of  homogeneity 
for  aluminum  alleys,  obtained  on  the  basis  of  experiamtal  data,  at  least  in  the 
very  first  approxiaation.  As  it  is  known,  at  present  for  all  aliadnum  alloys  this 
coefficient  is  taken,  conditionally,  as  equal  to  0.85. 

This  work  had  as  its  purpose  the  establishaant  of  values  of  indices  of 


physico-mechanical  properties  of  alloys  Dl-T,  ni6-T,  AMg6l,  and  D16“A(g/k)  and 
on  this  basis  the  illundnation  tv  a  certain  extent  of  above-mentioned  questions. 

Alloy  Dlf»-A(g/k)  was  tested  in  this  case  optionally  for  the  purpose  of  study, 
mainly,  of  change  of  mechanical  properties  in  relation  to  thickness  of  sheet,. 

has  done  in  laboratory  of  norms  for  designing  and  testing  of  bridges  of 
TsMlIS-  [Central  Scientific  Research  Institute  of  Consminications J. 

1.  Substance  and  Method  of  Investigation 
In  considered  alloys  there  were  studied  following  mechanical  properties: 
li~dt  of  proportionality,  yield  point,  ultimate  strength,  elastic  modulus,  specific 
elongation,  and  reduction  of  area,  with  receipt  of  primary  diagrams  of  tension 
and  cor.pression  for  different  profiles  of  each  alloy. 


Fig,  1.  Diagram  of  layout  of  crusher  of  testing  machine 
1  —  punch;  2  —  crusher;  3  —  tensometer 


*Yu.  A.  Lobrovol'skiy,  engineer,  participated  in  carrying  out  of  experLments. 


For  study  of  thosa  properties  there  were  made  tests  of  standard  sr.Trples  for 
extension  and  crushers  for  canpression.  The  samples  %«re  prepared  from  different 
profiles.  Samples  were  pwpared  in  quantity  sufficient  for  Judgement  about  change¬ 
ability  of  properties  of  alloys,  dependir.g  upon  form  of  profile,  direction  of 
rolling,  thickness  of  rolled  sheets,  position  through  cross  section  and  length  of 
profile. 

For  the  purpose  of  study  of  homogeneity  of  mechanical  properties  through 
length  of  profile  billets  for  samples  and  cruahers  were  taken  in  several  (3-5) 
dispersed  cross  sections,  divided  thrcu^  length  of  profile  into  approximately 
equal  parts. 

Billets  for  cruahers  were  usually  disposed  side  by  side  with  billets  for 
standard  samples,  for  the  purpose  of  best  comparability  of  results  of  tests  for 
tension  and  compresaion. 

For  tensile  tests  iJiere  were  applied  flat  samples,  eonfomlng  to  requirenents 
of  GOST  [AU-Unlcm  Government  Standard  j. 

Billets  were  taken  form  profiles  along  length  of  profile,  Nliile  those  frcn 
sheets  —  both  with  and  across  direction  of  rolling. 

Preparation  of  samples  tr<m  profiles  and  sheet  aetal  was  executed  with  such 
calculation  that  their  surface  layer  remained  untouched. 

For  coRipression  tests  there  were  applied  crushers  havijng  fans  of  cylinder 
with  diameter  of  10  mm  and  hei|^t  of  30  ma. 

Cutting  of  billets  for  crushers  was  done  on  milling  machine,  but  crushers 
themselves  were  turned  on  lathe. 

Crushers  were  prepared  from  profiles  with  longitudinal  orientation  of  axis, 
and  from  sheets  —  both  with  lorcitudinal  sod  with  transverse  orientation  of  axis 
of  rolling. 

Tests  of  saoplss  for  extension  wsrs  mads  on  50-tan  tsstlng  machine. 

Tests  of  erushsn  for  axial  coqpreaaion  Mrs  mads  on  4-ton  tsstlng  machine 


Measlirement  of  deformations  (strains)  was  made  by  mechanical  tensometers 
on  1  cm  base. 

During  tensile  tests  four  tensometers  were  set  up  at  the  center  (through 
length  of  sample)  of  section,  while  during  compression  tests  —  two  tensometers 
faced  each  other  at  the  center  (through  height  of  crusher)  of  section. 

Loads  were  >{pplied  to  sample  in  consecutive  steps,  starting  from  conditional 
zero,  i.s,,  d’iring  tensile  tests  —  from  load  of  625  kg,  and  for  compression  — 
from  load  of  50  kilograms. 

2.  Results  of  Tensile  Tests 

Tensile  properties  of  alloys  were  determined  in  accordance  with  requirements 
of  All-Union  Government  Standard  1497-42. 

Primary  tensile  diagrams  were  constructed  on  coordinates  .  Magnitude 

of  relative  elongation  was  found  as  arithmetical  mean  from  readings  of  four 
tensometers.  Typical  tensile  diagrams  are  shown  in  Fig.  2. 

Limit  of  proportionality  was  determined  also  as  conditional,  the  stress 
at  which  deviation  from  linear  dependence  between  stresses  and  stiains  attaiiied 
such  magnitude  that  tangent  of  angle  formed  by  strain  curve  with  axis  of  stresses 
is  increased  by  50^  of  its  initial  value. 

The  values  found  by  results  of  t«isile  tests  for  mechanical  properties  -  limit 
of  proportionality,  yield  point,  ultjjnate  strength,  and  their  ratios  are  given  in 
Table  1. 

Having  examined  these  data,  the  following  judgement  can  be  made  about  change¬ 
ability  of  mechanical  properties  of  tested  alloys. 

For  all  profiles  of  alloy  Dl-T  those  data  vary  within  considerable  limits; 
for  instance,  difference  between  least  and  the  greatest  values  of  limit  of  pro¬ 
portionality  constitutes  35%,  for  yield  point  —  30^,  and  for  ultimate  stength 


D16-T. 

Data  In  Table  1  show  that  mechanical  properties  of  alloy  D16>T  tmderyo 
significant  changes  both  within  limits  of  one  profile  and  also  in  relation  to 
form  of  the  latter.  In  this  case  difference  between  least  and  the  greatest  values 
for  limit  of  proportionality  constitutes  U(>%,  yield  point  36%,  and  ultimate 
strength  -  27%» 

From  alloy  AMg6l  difference  between  least  and  the  greatest  values  of  limit 
of  proportionality  constitutes  16%,  yield  point  •  1$%,  and  ultimate  strength  « 

11:^;  as  we  see,  this  difference  is  comparatively  small. 

Conparlng  values  given  in  Table  1  for  mechanical  properties  for  sheets  of 
different  thickness  fi*om  alloy  D16-A(g/k)»  w®  note  presence  of  significant  change¬ 
ability  of  properties. 

With  increase  of  thickness  of  sheets  there  is  observed  no  definite  regularity 
in  change  of  limit  of  proportionality. 

The  same  may  be  said  about  ultimate  strength,  if  we  compare  its  arithmetical 
mean  values,  which  are  given  in  Table  1. 

Arithmetical  mean  value  of  yield  point  decreases  with  increase  of  thickness 
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Table  1.  Mechanical  Properties  of  Metal  of 
Samples  from  Aluminum  Alloys 


7-1 


of  sheets  by  17^  with  rolling  and  by  IZH  across  rolling. 

We  must  note  also  the  eomparativeljr  insiginif leant  difference  of  arithme¬ 
tical  values  of  mechanical  properties  for  samples  with  and  across  rolling. 

Of  interest  is  character  of  change  of  considered  properties  of  alloys  in 
respect  to  position  of  sample  in  cross  section  of  profile. 

As  experimental  data  show,  for  I-beam  profile  of  alloy  Dl-T  mechanical 
properties  through  section  can  differ  among  themselves  by  up  to  2  kg/mn  ,  while 
\alues  of  these  properties  for  flanges  is  higher  than  for  a  wall. 

For  I-beam  profile  from  alloy  D16-T  mechanical  properties  for  flanges  are 
some^at  higher  than  for  walls  (Fig.  2).  In  Table  2  there  are  glA.en  for  this 
profile  limits  of  change,  in  different  sections,  of  arithmetical  mean  values  of 
mechanical  properties  for  wall  and  flanges. 


Table  2.  Change  of  Mechanical  Characteristics  by 
Section  of  I-beam  Profile  from 
Alloy  D16-T  (in  kg/car) 
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KET:  (a)  Mechanical  properties;  (b)  Limits  of  chaiiM  of 
arithmetical  mean  values  of  mechanical  properties;  (c)  Mall; 

(d)  Flanges;  (e)  Lindt  of  proportionality;  (f)  Held  point; 

(g)  Ultimate  strength. 

For  tee  and  angle  profiles  from  alloy  D16-T  and  for  channel  profile  from 
alloy  AMg6l  mechanical  properties  through  section  are  changed  innaterially  (up 

to  IS  for  D16-T). 

Comparison  of  values  of  mechanical  properties  of  alloys  Dl-T,  D16-T,  and 
AMg6l  for  different  sections  of  one  and  the  sa-is  profile  showed  that  these 


properties  are  practically  identical  thruu^  length  (>f  article. 

In  Table  3  there  are  given  '.aluea  of  yield  point  f(;r  these  alloys,  obtained 
as  a  result  of  statistical  treatment  of  experimental  data. 


Table  3.  Values  of  Tensile  Yield  Point  (in  kg/ntm^) 
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Key;  (a)  Characteristic;  (b)  Brand  of  alloy;  (c)  Average 
statistical  value;  (d)  RMt-aean«square  deviation;  (e) 

Minim  probable  value;  (f)  Dl-T,  D16-T;  (g)  AMg61. 

Minimum  probable  value  of  yield  point  given  in  Table  3  was  found  as  differ¬ 
ence  of  its  average  statistical  value  minus  three  root*mean>square  deviati  ns 


(standard). 

Talcing  normative  resistance  for  all(^  D1»T  equal  to  23  kg/tm  and  minimuD 
probable  value  of  yield  point  equal  to  25*18  kg/wa^,  we  find  that  coefficient  of 
homogeneity  in  its  accepted  sense  is  very  high  (1.09),  which  can  be  eaqplained, 
apparently,  by  evident  limitedness  of  ejqwriraental  data  used  in  this  case  during 
statistical  treatment. 

Of  the  79  tested  samples  of  alloy  016-T  only  two  have  yield  point  equal  to 
its  minimum  value  according  to  technical  specs  AMTU  256-55,  i*e.,  31  kg/mm^. 

There  were  no  tested  samples  with  yield  point  of  less  than  31  kg/m  . 

Taking  normative  resistance  for  alley  D16-T  is  equal  to  31  kg/m^  and  minimum 

2 

probable  value  of  yield  point  is  equal  to  26*68  kg/m  ,  we  obtain  coefficient  of 
homogeneity  equal  to  0.86.  Vifo  obtain  comparatively  low  coefficient  even  without 
calculation  of  minus  allowances  for  rolling. 


For  all  samples  from  aIIoy^>M^61  yield  point  turned  out  to  be  hi^er  than 


22  kg/m^,  l.e.,  hij^ar  than  its  ■ininum  value  ahoMi  in  technical  specs  VTU  152A- 

56. 

Hininnsi  probable  value  of  yield  point  for  this  alloy  was  found  equal  to 

kg/nnr,  i.e.,  somewhat  larger  than  normative  resistance  (22  kg/am?). 

It  is  obvious  that  these  experimental  data  are  clearly  insufficient  for 
determination  of  coefficient  of  homogeneity  of  alloy  AKg61,  even  in  the  .ery  first 
approximation. 

Values  found  by  results  of  tensile  of  elastic  modulus,  specific  elongation, 
reduction  of  area  for  considered  alloys  are  given  in  Table  4. 

FVoffl  table  it  follows  that  values  of  elastic  modulus  change  within  coopara* 
ti\ely  narrow  limits.  Thvis,  for  j. 'stance,  for  alloy  Dl-T  difference  between  its 
least  and  greatest  value  constitutes  nearly  11^,  for  alloy  D16-T-15$,  for  allc^ 
AKg61«Di. 

Results  of  statistical  treatment  of  experimental  values  of  elastic  modulus 
and  specific  elongation  are  given  in  Table  5. 


Table  3.  Results  of  Statistical  Treatment  of  Experimental 
Values  of  Elastic  Modulus  and  Specific  Elongation 
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Kay:  (a)  Chaimcteristic ;  (b)  E  in  m/cm^  for  all^;  (c) 
arerage  statistlr«l  value;  (d)  Root  mean  square  deviation; 

(e)  Minimum  probable  value;  (f)  in  %  for  alloys;  (g)  Ol-T, 

D16.T;  (h)  ANg61. 

In  Fig.  3  there  are  presented  typical  fractures  of  samples  having  different 


thickness  of  all  tested  alloys 


^r  i'C 

~  'j^ 


Fig.  3.  Fractures  of  samples  during  tensile  tests. 

In  all  cases  failure  occurred  in  working  part.  Yield  plane  constituted 
nearly  45®  to  longitudinal  axis  of  sample. 


3.  Resiilte  of  Coppression  Tests 

Testa  were  designed  to  establish  possible  peculiarities  of  work  of  aluminuo 
alloys  under  compression!  as  conqaarod  to  work  under  tension. 

Primary  diagrams  of  coapi^ssion  were  constructed  on  coordinates  —  «  ^  . 

Magnitude  of  «c  was  arithmetical  moan,  according  to  leadings  of  two  tensoraeters. 

Mechanical  properties  under  compression  were  determined  by  analogy  with  those 
for  tension  (Fig.  4). 

Values  found  from  results  of  compressiwi  tests  of  limit  of  proportionality, 
yield  point,  and  elastic  modulus  are  given  in  Table  6. 

Considering  these  data,  folloidng  Judgement  about  character  of  their  change¬ 
ability  can  be  made. 

Limits  of  \ariation  of  values  of  mechanical  properties  for  all  tested  alloys 
differ  among  themselves  rather  considerably,  approximately  in  the  ea.T»  aswunts 
as  in  case  of  tensim.  Thus,  for  instance,  for  alloy  Dl-T  difference  between 
leant  and  the  graateet  values  of  yield  point  for  all  tested  profiles  constitutes 
for  alloy  D16-T  —  42^,  for  alloy  AMg61  —  22%,  Approodrsately  within  the 

ooi-j  eignif leant  amounts  tho  values  of  limit  of  proportionality  vary  also 


(for  alloy  Dl-T  difference  between  its  extrene  values  for  all  profiles  constitutes 
4058,  for  alloy  D16-T-52JC,  for  aUoy  AHg6l-195{). 


Klg*  4.  FMiaary  dlacraas  of  coaqpression  of  crushers 
f^om  alloy  D16-T. 

Covparing  data  given  in  Table  6  for  alloy  Dlb-ACg^c),  obtained  on  samples 
with  and  across  rollings  we  note  almost  total  absence  of  any  essential  difference 
between  them* 

Comparison  made  of  values  of  mechanical  properties  for  different  sections  of 
cr:e  and  the  same  profile  showed  that  these  properties  are  practically  identical 
throu^  length  of  profile* 

Ctn  I>beam  profile  limit  of  proportionality  and  yield  point  for  oruchers 
prepared  from  flanges  of  profile  are  noticeably  larger  than  values  corresponding 
to  them  for  cnishers  made  from  walXs*  Tliis  difference  for  alloy  Dl-T  reaches 
15tf  tar  alloy  Dl6»T-ldt*  The  greatest  values  of  limit  of  proportionality  and 
yield  point  are  for  those  of  crushers,  billets  for  manufacture  of  which  were 
disposed  at  edges  of  flanges  and  in  places  of  juncture  of  flanges  with  wall. 


Table  6.  Values  of  Mechanical  Characteristics 
Results  of  Cca^ression  Tests 
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we  note  that  these  data 


Considering  values  given  in  Table  6  of  ratio 

••.I 

(with  slii^t  exception)  are  changed  within  eomparativelj  moderate  limits, 
especialljr  in  the  same  profile.  Difference  between  the  greatost  and  least  values 
of  this  ratio  for  allogr  D1«T  for  all  tested  profiles  constitutes  12%,  for  alloy 
D16-T-21j^,  for  alloy  AMg61-8]t. 

Arithswtical  mean  values  of  elastic  modulus  (Table  6)  for  all  tested  alloys 
and  profiles  are  changed  within  comparatively  narrow  limits:  from  717  to  777 
t/cm^. 

All  experimental  values  of  yield  point,  just  as  during  tension,  are 
significantly  higher  than  oagnltxide  23  kg/mm^,  taken  as  normative  resistance  for 
alloy  Dl-T. 

In  Table  7  there  are  given  values  of  compressive  yield  point  of  this  alloy, 
obtained  as  a  result  of  statistical  treatment  of  experimental  data. 


Table  7.  Values  of  Compressive 
Yield  Point  (♦in  kg/m^) 


! 

ciiMaa 

Dl-T  1 

D16-T 

1  AKg61 

1 

Cpcaiisc  crariiCTiiiccKoe  )Ra<ieNNc  . 

33.1 

35,6 

21.7 

Cpeawc  KUapaTM^Roe  otraOMCttiie  . 

2.28 

3.61 

l.«7 

i 

2fi.2 

M.77 

16,09 

KET:  (a)  Charaeterir<tic;  (b)  Brand  of  alloy;  (c)  Average 
statistical  value;  (d)  Root -mean-square  deviation; 

(e)  Kiniaus  probable  value. 

Prom  Table  7  it  follows  that  mininemi  probable  value  of  compressive  yield 
point  of  alloy  D16>T  is  equal  to  24.77  kg/sm^,  i.e.,  less  than  magnitude  '^6.66 
kg/sm^  —  its  value  during  tension  (Table  3). 

Attespt  in  this  case  to  determine  coefficient  of  homogeneity,  as  ratio 
0.8,  already  gives  magnitude  which  is  considerably  less  than  its  -alue 
0.85,  accepted  in  technical  ^>ecs  (without  calculation  of  minus  allowances  for 


JTor  rolling). 


NlniouB  probabla  valu«  of  eonfrotsive  yiold  point  of  alloy  AMg6l  is  found 
equal  to  16.09  kg/ai^  (Tid)le  7). 

Atteapt  in  this  case  to  deteraiae  coefficient  of  homogeneity  gives  us  a 
16.09 

\alue  equal  to  ^9  0.85  (also  without  calculation  of  ainus  allowances  for 

rolling). 


4.  CflBa)arison  of  Results  of  Tensile  and  Coapression  Tests 
For  the  purpose  of  clarity  of  conparison  of  properties  of  allays  obtained 
during  tensile  and  coapression  tests,  in  Fig.  5  there  are  presented  (for  saaples 
and  crushers  from  I-beaa  profile  of  alloy  Dl-T)  priaary  diagraas  of  tension  and 
coapression  in  superposition,  and  also  diagraa  of  cutting  of  profile  throug^ 
length  and  cross  section. 


In  cut  of  profiles,  to  each  saa^e  for  tension  there  corresponded  three 
saaples  for  coapression.  Therefore,  to  eadk  diagraa  of  tension  there  correspond 
three  diagraas  of  coapression. 

Coaparlng  these  diagraas,  one  should  first  of  all  note  considerable  differ- 
enee  in  nature  of  their  contour.  If  diagraas  of  tension  have  cooparatively  snail 
transition  curves  fToa  liait  of  proportionality  to  yleiii  point,  then  on  diagraas 
of  coapression  these  curves  are  vary  wallodeveloped. 

As  a  rule,  yield  point  and  especially  liait  of  proportionality  during  coa¬ 
pression  are  significantly  less  than  daring  tension. 


For  alloy  01-T  average  statistical  values  of  Halt  of  proportionality  during 
coafsreasion  and  tension  are  equal  re^ectively  to  25.  V  and  29.7  Icg/aif',  and  their 

25,52 

ratio  is  equal  to  *  •  0.86.  Average  statlsticsl  values  of  yield  point  for 

29.7 

coifsression  and  tension  are  equal  respecti-ely  to  32.6  and  35.08  hg/snr,  and  their 

ratio  is  equal  •  0.93. 

35.(» 


Fig.  5«  Ccmparlaon  of  primary  diagrams  of  compression 
and  tension  for  alley  Dl-T. 

Special  Designation 

■ - tension; - — compression;  0  — -limit  of 

proportionality;  x— -yield  point 
KEY:  (a)  Cut  of  profile  throu^  length;  (b)  For 
crushers;  (c)  For  tensile  samples. 


and  tension  for  alloy  B16-T 

Special  designations:  see  Fig.  5 
Key:  (a)  For  crushers;  (b)  For  tensile  samples  ; 
(c)  kg/cm2. 


Ae  \n  aee,  difference  Is  quite  substantial,  especialJjr  for  Units  of  pro* 


portionalit/. 


Coopsring  average  statistical  values  of  elastic  modulus  for  compression  and 
tension,  respectively  equal  for  all(nr  D1*T  to  762  and  737  t/cm^,  we  find  their 
ratio  is  equal  to  *  1*03,  i.e.,  elastic  moduli  for  conqpression  and  tension 
are  practically  identical. 

In  Fig. 6  there  are  presented  (for  8anq>les  and  crushers  from  tee  profile  of 
alloy  Dl6*T)  primary  diagrams  of  tension  and  conpression  in  superposition.  Com¬ 
paring  th  8  diagrams,  we  note  the  sane  essential  difference  in  character  of  their 
outline  as  in  preceding  case. 

For  given  alloy  average  statistical  values  of  limit  of  proportionality  for 

compression  and  tension  respectively  are  equal  to  25*52  and  33*79  kg/mT^  and 

their  ratio  is  equal  to  *■  0.?6. 

33.79 

Average  statistical  values  of  yield  point  for  cosqiression  and  tension 

respectively  are  equal  to  35*6  and  39*76  kg/m?,  and  their  ratio  is  equal  to 
35.6 

- r  “  0.89. 

39.76 

As  we  see,  in  this  case  difference,  especially  for  limits  of  proportionality, 
is  also  quite  considerable. 

Average  statistical  values  of  elestic  modulus  for  alloy  Dl6*T  for  cocpression 

773 

and  tension  give  us  ratio  »  1. 

Comparison  of  primary  diagrams  of  conpresslon  and  tension  for  Identical 

sanples  of  alloy  AMg6l  leads  to  analogous  resiilts. 

For  this  alloy  average  statistical  values  of  limit  of  proportionality  for 

2 

compression  and  tension  irespeetively  are  equal  to  13.4  and  22*13  kg/om  ,  and 

13*4 


their  ratio  is  equal  to 


22.13 


0*61. 


Average  statistical  values  of  yield  point  for  coapression  and  tension  for 
given  alloy  respectively  are  equal  to  21.7  and  27*6  kg/na? ,  and  their  ratio  is 


equU  to  £i:I  -  0,79. 

21, fi 

Elastic  moduli  for  ccmipresalon  and  tension  of  alloy  AMg6l,  as  those  of  alloys 
Dl-T  and  D16>T,  are  practically  Identical, 

Alloy  Dl6>A(g/k)  differs  In  properties  from  remaining  alloys.  Comparison  of 
primary  diagrams  of  compression  and  tension  of  this  alloy  shows  that  they  are  not 
essentially  different. 

Identity  of  results  of  tests  for  tension  and  compression  of  alloy  D16-A(g/k) 
indicates  also  the  fact  that  above-stated  considerable  difference  of  mechanical 
properties  of  alloys  Dl-T,  D16-T,  and  AHg6l  for  con^aresslon  and  tension  is  not 
result  of  influence  of  form  of  test  samples  (for  tension  -  flat  sa!i5)le,  and  for 
compression  -  crusher)  or  their  scale  factor  (flat  sample  was  Incommensurably 
larger  than  crusher). 


Fig.  7,  Comparison  of  primary  diagrams  of 
compression  and  tension  for  alloy  AMgbl. 

Special  designations;  see  Fig,  5. 

Nonetheless,  for  the  purpose  of  additional  check  of  method  used  in  this 
work  of  ctmipresslon  tests  there  were  specially  conducted  following  experiments, 
having  only  procedural  value. 

From  billet  of  each  alloy  initially  there  was  turned  round  rod  with  diameter 
of  1  cm,  and  then  part  of  it  was  cut  into  crusher,  «id  others  went  to  sample 


for  tension.  Thus,  these  test  ssnqples  diffex^ed  onlj  bjr  length,  uhleh  for  crusher 
was  2-3  times  less  than  for  tension  sample. 

For  the  purpose  of  close  identity  of  conditions  of  test  crusher  and  sanqile 
were  tested  on  the  same  universal  4-ton  to  machine  with  use  of  the  same  tensometers 
for  measurement  of  strains. 

Such  tests  were  conducted  for  allays  Dl-T  (I-beam),  D16-T  ( I-beam),  and 
AMg6l  (channel)  with  the  following  results. 

For  clarity  in  Fig,  7  there  are  presented  obtained  primary  diagrams  of 
tension  and  conqnresslon  for  alloy  AMg6l,  as  before  in  super  position.  Comparing 
these  diagrams,  we  arrive  at  results  preaenbed  earlier. 

In  this  ease  arithmetical  mean  values  of  ratios  of  limits  of  proportionality 
and  yield  points  for  eonpression  and  tensi(»i  for  allqy  AMg6l  were  found  respec¬ 
tively  equal  to  0,76  and  0«75« 

Analogous  results,  agreeing  with  those  presented  earlier,  were  obtained  and 
for  aUoys  Dl-T  and  D16-T, 

In  order  of  devslopnmnt  of  such  procedural  tests  there  were  also  f^ondueted 
following  esqmriments. 

An  I-beam  was  taken,  9Cbcl(H2x9Cbcl5,  troa  alloy  Dl-T  and  subjected  to  cobh 
presslon  tests  -  one  ease  as  idiole  profile  with  flexihility  on  order  of  15 
(all  four  samples),  and  in  other  -  in  the  fora  of  crushers.  In  first  case  of 
compressive  strains  of  whole  profile  were  measured  with  special  strain  gauge  on 
15  cm  base  on  four  fiber  boards  (two  an  wall,  and  two  on  opposite  flanges  of 
I-beam), 

Relative  compressive  strain  of  porofile  was  found  as  arittamstlcal  mean 
magnitude  from  four  readings  of  strain  gauge. 

Method  of  tests  of  crushers  was  same  as  before. 


Fig«  8*  Coaparison  of  ptimuj  dlagruu  of 

eorapretalon  of  whole  profile  and  cruahera. 

Special  deaignatlona; 

—  ■  . . .  Inatnuaanta  are  fixed  on  nail 

of  profile; 

........  .inatrumenta  are  fixed  on  flanges 

of  profile; 

.  •  .average  of  five  crushers  from 

flanges. 

Primary  diagrams  of  conqpression  obtained  as  result  of  such  tests  (in  one  case 
of  whole  profile,  but  in  other  -  of  crushers)  are  presented  in  Fig,  8  in  8U|»r- 
posltlon. 

Comparing  these  diagrams,  it  may  be  concluded  that  they  are  very  to 

one  another. 


5.  General  Coucluslona 

On  the  basis  of  obtained  results  of  study  of  phyaicoHoechanical  properties 
f(  r  tension  and  compression  of  alundnum  allays  we  can  make  following  general  con¬ 
clusions. 


1.  Aluminum  alloys  of  brands  Dl-T,  D16-T,  and  AMgbl,  when  working  under 
tension  and  compression,  both  in  elastic  and  in  elastic-plastic  stages  possess 


■uffieiftntlj  high  Mchanieal  proptrilet,  f^oa  lha  point  of  view  of  raquiraaanta 
damandad  of  natal  of  lond-baaring  atrueturaa,  Inaluding  apan  atrueturaa  of  bridges. 

2.  Ration  of  avaraga  atatiatieal  valuaa  of  Unit  of  proportionality  of  yield 
point  fur  alloys  oi-T,  D16-T,  and  AKg6l  for  tanaion  ara  raapaetivaly  aqual  to  0.82, 
0.86,  and  0.78. 

3.  Ratio  of  avaraga  atatiatieal  values  of  ylald  point  to  ultinata  strength 
for  tanaion  for  alloys  Dl-T,  D16"'/,  and  AHg6l  ara  raapaetivaly  equal  to  0.79, 

0.77,  and  0.73. 

4.  Average  statistical  value  of  specific  alongaticn  for  alloys  Dl-T,  D16-T, 
and  AKg6l,  respectively  eqtjd  to  11.31,  10.8,  and  10.7,  ara  sonaehat  lass  than 
nagnitttdea  atandardiaad  by  effective  All'4Jnion  Govemnant  Standards  (respec¬ 
tively  12.1  and  12),  wlta  tne  exception  of  alloy  D16-T. 

5.  Average  statistical  values  of  alaatic  nodulua  for  tensioii  for  allays 
Dl-T,  D16..T,  and  AMg61,  respectively  equal  to  737,  770,  and  767,  are  eloaa  to 
those  values  standardised  by  corresponding  TU's  iTSch.  Spaesj. 

6.  Ihriaary  diagrana  of  coopreasion  differ  considarably,  accordii^  to  the 
nature  of  their  contour,  fron  corresponding  diagrana  of  tanaion.  If  diagrana  of 
tension  have  eonparatively  smU  transition  curves  fTon  Unit  of  proportionality 
to  yield  point,  then  these  curves  for  conpreasion  are  vary  vell-developad. 

7.  field  point  and  especially  Unit  of  proportionality  for  conpreasion  of 
alloys  Dl-T,  D16-T,  and  AHg6l  are  significantly  lower  than  for  tension. 

Ratio  of  average  statistical  values  of  Unit  of  proportionality  for  cooh 
pression  and  tension  for  given  alloys  is  respectively  equal  to  0.86,  0.76,  and 
0.61. 

Ratio  of  average  statistical  valuaa  of  yield  point  for  coapresaicn  and  ten¬ 
sion  for  these  alloys  is  respectively  equal  to  0.93,  0.89,  and  0.79. 

8.  Coefficient  of  honogeneity,  detemined  as  ratio  of  nlnlnii  probable 


valu«  of  jiold  point  to  nornntlve  rasiatanee,  is  found  for  alloy  D16-T  equal  to 
0.86,  without  calculation  of  minus  allowances  for  rolling,  which  indicates 
necessity  of  carrying  out  further  investigations. 
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INVESTIGAnON  OP  MECHANICAL  FHOPESTIES  OP  CBITAIN  AUmUflM  ALLOTS 

UNDER  TENSION  AND  COMPRESSION 

Tu.  S.  Mcrehantti,  EnginMr 
1.  AA»i  md  Itethod  ot 

Ala  of  th«M  invotti^tioeo  umi  to  elftrify  pooolblo  poculiaritioi  of  work 
of  aluaimni  allogrt  DX6-T  aad  Al|g6  under  tension  and  eonireselon  on  the  bnele  of 
obtelning  dlegreas  of  work  of  nsterlAl,  detendnniion  of  ewtaln  necheiileal 
eherecterietiea  of  it,  end  conparleon  of  obialaed  data. 

The  nochenical  ehereeterletiee  eubjected  to  detemlnetioo  iaclnded  conditional 
yield  pointa  Unite  of  proportionality  ,  and  nodull  of  lonfitodinal 
elaeticity  E  for  tension  and  coapreesion,  and  also  ultisste  etrei^^th  and 
specific  el«i(ations  «  for  tension.  Here  conpreseion  is  desiensted  by  super- 
script  "e*  and  tension  by  "p." 

As  naterlal  investlf^tione  there  were  taken  sheets  with  thiokness  of  6 
asi  fron  aluninus  alloys  of  brands  DI6-T  and  ANg6. 

All  eaaples  intended  for  tests  for  both  tension  sad  coepreseian  were  cut,  as 
far  as  posaibls,  fTon  the  esse  places  trxm  sheets  with  direetion  of  rolling. 

Mechanical  properties  of  sheets  under  tension  were  detemiBed  on  standard 
flat  saaples,  prepared  accordii^  to  AH-Qaion  Coversnent  Standard  1A97-42,  and 
they  were  tested  by  usual  aethod,  which  did  not  pressni 


<4  1 


great  difficulties 


Hovevtr,  deteralMtion  of  the  saae  propertiea  of  sheete  under  oonp^seion  pre¬ 
sented  certain  diffieultj,  since  during  test  it  mss  necessary  to  soMhow  |»^vent 
lateral  buckling  of  thin  sample,  ehieh  required  developaent  of  special  attachment 
for  testa. 

As  a  result  of  consideration  of  different  methods  of  solution  of  analogous 
probleas  offered  by  a  nisnber  of  authors « ^  for  solution  of  problem  on  hand  there 
MSS  designed  special  attachment,  generai.  view  of  which,  together  wl^h  test  sample 
and  Instruments  attached  to  it,  is  shown  in  Pig.  l,a,  and  schematic  dratflng-in 
Pig.  l,b.  As  can  be  seen  from  Pig.  l,b,  test  sswpTe  7  is  disposed  between  steel 
elttnents  1  and  2,  fastened  together  by  two  clsmpe  consisting  of  transverse  strips 
3  sad  4  and  thin  screws  5.  Degree  of  clamping  of  steel  elements  1  and  2  to  test 
sample  7  was  regulated  with  help  of  two  thuab  screws  6,  screwed  into  transverse 
strips  of  clamps  3. 

Before  testing  of  sample  guide  elmmsnts  of  attachment  with  help  of  these 
screws  were  clamped  to  sample  in  such  a  way  that  between  sample  and  guides  there 
remained  no  opening,  but  at  the  same  time  so  that  it  was  possible  freely,  with¬ 
out  special  effort,  to  move  guides  along  sample.  With  help  of  these  screws  in 
process  of  entire  tests  of  sample  there  was  attained  a  position  of  guide  elements, 
idiich,  at  first,  did  not  allow  test  saaples  to  bend  and,  secondly,  did  not  pre¬ 
vent  their  expansion  in  transverse  directic«,  when  sample  was  subjected  compreseion. 

In  these  tests  there  were  used  samples  of  two  types,  with  dimensions  6x12x55 
mm  and  6x20x68  am  and  there  were  used  two  different  attacheante.  Attachment  for 
test  of  saaples  of  second  type  differed  in  that  on  its  guides  1  and  2  along 
longitudinal  axis  there  wma  a  groove,  allowing  us  to  glue  on  both  sides  of  test 
iiaaple  electrical  detectors  for  the  purpose  of  control  of  stable  state  of  saaq)le 


•Structural  fiagineer,  vol.  XXZV,  Bo.  5,  Bay  1957,  p.  176-189, 


Att  irhiwnt  for  of  Maplat  f^oa  thin 
for  coofrvssion. 

vi«f|  b—dUfTM;  1  and  2  —  gaXOm 
alaaanta;  3  and  4  —  claap  atripai  5  —  aorawa} 
6  —  claag)  acravat  7  —  taat  aan^. 


dxurlng  t«at. 

For  aor«  eonvonlent  fMtanlag  of  teiwoiMtori  on  edges  of  test  ssiq)let  the 
letter  were  nsde  2  vm  wider  then  guide  eleaents. 

During  tests,  two  Mchsnlcsl  tensooeters  were  used  with  base  of  20  nn. 

For  the  purpose  of  reduction  of  frictional  forces  to  mlnioua,  appearing 
between  saaple  and  guides,  sliding  surfaces  of  the  latter  were  preUninarllj 
lubricated  with  liquid  graphite  grease.  For  Judgeaent  about  magnitude  of  these 
forces  we  detersdned  magnitude  of  effort  p^cessar^r  for  shift  of  these  guides  along 
saople  at  different  stages  of  loarllni. 

Thuslj  conducted  preliminary  testi.  showed  ^..at  frictional  forces  appearing 
durLng  test  of  saBg>}e,  of  which  we  spoke  above,  constituted  not  more  than  lj(  of 
fflsgnltude  of  load  applied  to  sample. 

All  tests  of  ssjoples  (both  i  :>r  tension  and  eompresaion)  were  conducted  on 
the  aame  testing  machlns,  s  lu>ton  "Shcpper”  press. 

2.  Rssults  of  Tests 

As  a  reult  of  tests  of  70  samples  for  tension  and  compression  from  alleys 
D16-T  and  ANg6,  we  obta.^ned  primary  diagmow  of  work  of  these  owiterials,  for 
which  after  appropriate  treatment  we  found  average  curves  of  tension  and  co»> 
pressions,  shown  in  Fig.  2,a,  b. 

Fig.  2,  a^  ahows  diagrams  of  tension  and  coapressl<»  for  sheets  from  alloy 
Di6>-'. ,  whtre  both  graphs  for  clarity  are  shown  in  combined  form.  Prom  thii  figure 
it  is  clear  that  curves  of  tension  and  coaqmwsslon  do  not  coincide,  tdhich  ie 
especially  noticea  le  on  section  of  nooelastic  defomatlone.  However,  ncn> 
coincidence  of  curves  of  tension  and  caapreeeion  is  also  obe^rved  on  elastic 
section,  where  compreesim  curve  le  ellghtly  curved,  which  tension  curve  here 
is  almost  reetillDear.  As  eospared  to  tension  curve,  transition  in  region  of 


ncm**lAtttic  de/oruitlcms  for  conpraaslon  curve  hae  Moothor  character,  and  this 
cturve  le  dlepoeed  on  eectloa  of  diagraM  ab<jve  ,  at  aoaeuhat  larger  angle  of 
inclination  to  axie  of  abeciseaa  than  tenaion  curve. 

For  sheeta  from  alloy  AKg6  average  curvee  of  tenaion  and  ccmpreaaion, 
althoui^  they  had  certain  differencea,  expreaaed  mainly  in  non-coincidence  of  both 
curvee  in  region  of  nonelaatic  deformatic^a  and  in  acaewhat  lirger  angle  of  slope 
of  a  curve  of  coo^reasion  higher  than  conditional  yield  poinl,  nmertheless  thia 
non-coincidence  was  ao  insignificant  that  upon  auperijapoaing  them  the  diagrams 
almost  merged  (Fig.  2,b). 

Mechanical  eharacterietics  of  saoplea  from  alloys  D16-?  and  AMg6  obtained 
from  primary  diagrams  of  work  of  material  under  tenaion  end  compression  are 
given  in  Table  1,  from  which  it  is  clear  that  these  characteristics  for  both  alloys 
have  certain  variations.  For  aUoy  D16-T  Uidits  of  wiatione  j*  constitute  3C'.l 
to  31.3  kg/*-*^ ;  -  31.9  to  35.2  kg/ma^;  »»  -  4B.4  to  19  kg/wn;  -  v\2CO  to 

7,500  kg/mra^  and  *  «  I5  to  17. 5t. 

During  compression,  mschanical  propertiss  of  this  alloy  vary  within  jlmlts: 

•  27.2  to  29  kg/'m^;  ■  33.1  to  33.8  kg/aa^,  and  E®  ■  7,200  to  7,60C  kg/nr.*: 

For  alloy  AMgb  ralues  of  aj  Yary  within  limits  15.2  to  17  kg/ma^;  of,  -  16.7 
to  19.3  kg/tn  ;  -  35.8  to  39.3  kg/mt^;  -  7,100  to  7,400  kg/mt^,  and  «  -  19.1 

to  23.lt. 

During  compression,  limits  of  warictions  ot  »; .  «nd  E®  constitute  reepec- 
tive  valuee:  15.3  to  16.,  kg/am  ,  17.5  to  18.6  kg/ms^,  and  6,950  to  7,350  kg/aa^. 

(Stained  data  show  that  mechanical  characteriPtice  of  sheets  froa  both  all<7s 
(hnring  teneicn  and  eos^reesion  vary  within  rmy  narrow  l^tr  and  are  rather  stable. 

Ratio  -l£-  and  ^  for  alloy  D16-T  during  tension  are  changed  respectively 
V*  •* 

within  Unite  0.87-0.89  and  0.72-0.73,  and  limite  ot  variaticne  -!£.  dtaring 
ccmp^'eaelon  constitute  c.82>-0.86,  i.e.,  this  rctio  it  approaclmately  eqpial  to 
enalogcus  dto'ing  tension. 


Table  1.  Mechanical  Properties  of  Material  with  Thickness  of 
6  nm  from  Aluminum  Alloys  D16-T  and  AM<?6 
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i  I  *>  I 


•  JUI* 


M  e6|M3aM 

tirr 

MCMMC 

7cT" 

tmtim 

tirr 

aEt»H« 

ITT 

}em»Tmt 

ttT" 

pictf- 

WCIIflt 

ftT" 

pflcrii- 

dccHiie 

Ir. ) 

emtnt* 

ttT 

jKtime 

Cu»»  ill6-T 

1 

30.2 

29 

34.9 

33.7 

48,5 

7400 

7300 

t  56.S 

2 

30,6 

27.2 

35 

33.2 

49 

7350 

7  500 

:5 

3 

30,7 

28.6 

35 

33.8 

48.4 

7  250 

7600 

15 

4 

30.8 

28 

35 

33.4 

48.6 

7  100 

7  600 

1  17, » 

S 

30.9 

26.5 

35 

33.1 

48.9 

7300 

7  300 

16  7 

6 

30.9 

28.7 

35 

33.6 

48,8 

7500 

7500 

16,2 

31 .3 

28.3 

35.2 

33.6 

48,8 

72C0 

7  200 

^  16.2 

1 

1 

!' 

cpexase  SHa«ieHHii  .  . 

30.8 

28.3 

35 

33.5 

48.7 

7  300 

7430  1  16.2 

(P 

iCusB  AMr6 

1 

17 

16,6 

19.3 

17.9 

39, .3 

7200 

7000 

23,4 

2 

16.8 

16.5 

18.6 

17.8 

41.4 

7200 

7200 

20.8 

3 

16.4 

16.7 

17.6 

18.4 

36,8 

7250 

7  250 

23,3 

4 

15.5 

16.6 

17.1 

18,6 

36,4 

7150 

7000 

23,4 

5 

15.4 

16.4 

16.7 

18 

35,8 

7000 

7350 

19,1 

6 

15.2 

15.8 

17.1 

17.8 

36,3 

71G0 

7100 

20.8 

7 

15.4 

15.3 

17.5 

17.5 

37.4 

7400 

{>950 

22.5 

(i/ 

CpcAHMe  3Ht<ieiiKa  .  . 

16 

16.3 

17.7 

18 

37.6 

7200 

7140 

21.9 

Note:  Magnitudes  of  were  detervined  according  to  AU- 
IMon  Government  Standard  I497-42, 

(a)  No,  of  samites;  (b)  Tension;  (c)  Coapression; 


KEY: 


(d)  Alloy  D16-T;  (e)  Mean  values;  (f)  Alloy  AMg6;  (g)  in  %, 


For  alloy  AMg6  ratios  -!£_  and  ^  during  tension  are  changed  respec- 

«0.J  «• 

tively  within  limits  0,88*0,89  and  0.47  *0,49>  and  limits  of  change  during 

eonpression  constitute  0.87*0,919  i.e..  Just  as  for  alloy  D16*T9  this  ratio  is 


apprccdiaately  equal  to  analogous  ratio  during  tension. 


Comparison  of  mechanical  characteristics  of  one  and  the  same  material  during 

•nt 

tension  and  coapreseion  shows  that  ratios  "“T**  ^  ,  and  ^  on  the  average 

•p  %3 

constitute  0.949  0*969  and  1,02  for  sheets  from  allnr  D16*!,  and  l.OS,  l.Olj  and 
0.99  for  alloy  AM^6. 


From  ratios  it  is  clear  that  valuea  of  ando^,  during  compreaalcn  turn  out 
to  be  soEseidiat  enallor  than  during  tension  for  alloy  D16*T9  and  they  are 


approximately  equal  for  alloy  AMg6,  Values  of  moduli  of  longitudinal  elasticity 
during  tension  and  compression  for  alloy  D16-T,  Just  as  for  alloy  AMg6  are 
approximately  equal. 


3*  Copclualcne 

Conducted  inteetigatlona  of  mechanical  properties  of  sheets  from  aluminum 
alloys  DI6->T  and  AHg6  allow  us  to  not*  the  following. 

1.  Comparison  of  diagrams  of  work  of  material  of  sheets  from  alloy  D16-T 
during  tension  and  compression  shows  that  these  disgraau  differ  in  character 
somewhat  among  themselwes,  and  that  this  distinction  is  most  noticeable  on 
section  above  limit  of  proportionality,  where  transition  of  compression  curve  in 
region  of  nonelastic  deformations  is  smoother  than  for  tension  ctarve.  Curves 

of  tension  and  compression  have  analogous  character  for  sheets  from  alloy  AMg6, 
with  the  difference  that  distinction  between  them  is  very  small. 

2.  Values  of  limits  of  proportionality  and  fluidity  during  compression  ttom 
out  to  be  soneidiat  smaller  than  during  tension  for  alloy  D16-T  and  approximately 
equal  for  alloy  AN^.  Values  of  moduli  of  longitudinal  elasticity  during 
tension  and  compression  for  allpys  D16>T  and  AMg6  are  approximately  equal. 

3«  With  accurate  solution  of  problems  of  stability  of  various  elements  of 
structures  from  such  alleys,  such  as  D16-T,  for  Instance,  differ  from  each  other, 
for  obtaining  of  more  correct  result  one  should  use  diagrams  of  compression  of 
applied  material,  but  not  those  of  tension. 

4.  For  obtaining  of  clearer  picture  of  changeability  of  mechanical 
properties  of  applied  allqys  in  respect  to  influence  of  different  factors,  in¬ 
vestigation  of  questions  posed  must  be  continued. 
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CORROSION  RESISTANCE  OF  ALUMINUM  ALLOTS  IN  BUIIDING  STRUCTURES 


Tu.  N.  Tikhanko,  Cand.  of  Tech,  Scieneas  and  V.  Ta.  Flaks,  Enginaar 

Ineraasa  of  longavlty  of  buildings  and  structures  and,  in  particular  thair 
corrision  resistance  is  one  of  basic  problems  of  ccaitemporary  construction. 

Application  of  aluminum  alloys  in  construction,  togathar  with  reduction  of 
weight  of  structures,  opens  up  broad  possibilities  of  increase  of  thair  corrosion 
resistance  and  longevity. 

It  is  necessary  to  consider  that  corrosion  resistance  of  aluminum  alloys,  as 
of  metals  in  general,  is  not  their  absolute  property,  but  depends  on  a  whole  series 
of  factors. 

Among  them,  in  the  first  ]iLace,  one  should  mention  chemical  composition  and 
heat  treatment  of  alloys,  their  state  of  strain,  character  and  composition  of 
corrosive  medium,  contacts  with  other  materlala,  etc. 

Study  of  these  questions  involves  a  number  of  problems,  upon  solution  of  which 
effectiveness  of  use  of  aluminum  in  construction  depends. 

In  this  article  there  are  given  available  data  on  corrosion  of  aluminum  alloys 
in  building  structures  and  also  results  of  corrosion  tests  conducted  at  Tush  Nil 
on  aluminum  alloys  under  conditions  of  service  of  building  structures  of  metallurgical 
factories  and  in  the  atmosphere  of  the  industrial  city. 


1.  Data  on  Corroalon  of  Aluminmn  Alloys  Building  Structures 


Aluminum  la  one  of  those  metals  possessing  high  chemical  activity.  It  enters 
easily  into  reaction  with  oxygen,  fomlng  aluminum  oxide  A1^03.  But  namely,  thanks 
to  its  heightened  oxidixablllty,  aluminum  obtains  high  corirosion  resistance  in 
the  whole  series  of  corrosive  media. 

CbdLde  film  fonning  on  surface  of  aluminum  has  tight  structure  and  good  cohesion 
with  metal.  Thickness  of  film  ooddlzed  under  usual  conditions  constitutes 

It  is  necessary  to  note  that  oxide  films  are  formed  also  on  other  metals, 
in  particular  on  steel  but  they  have  much  mailer  thickness  (0.001-0.002  i^), 
are  porous,  and  do  not  possess  protective  properties. 

Presence  of  oxide  film  ennobles  aluminum,  increasing  its  electrode  potential 
in  neutral  media  from  -  1.66  to  >  0.5v. 

Starting  with  electrochemical  characteristics  of  aluminum,  of  danger  to  it 
is  galvanic  corrosion  in  contact  with  maxiy  metals  possessing  more  positive 
electrode  potentials  than  aluminum.  Copper  belongs  in  the  first  rank  of  such  metals. 

With  iron  a  great  danger  is  present  by  contacts  of  aluminum  -  magnesium  alloys, 
especially  with  heightened  magnesium  content.  AU^  of  duralumin  type,  because 
of  presence  in  them  of  copper,  in  a  number  of  media  have  electrode  potential  close 
to  that  of  iron,  and  therefore  contacts  with  iron  are  less  dangerous  for  them. 

Contact  of  different  alximlnum  alloys  can  sometimes  present  danger,  (sring  to 
difference  in  their  potentials.  Thus,  for  instance,  potential  difference  in 
solution  of  NaCl  aluminus  alloys  with  10$  Mg  and  duralumin  can  reach  up  to  0.28  v. 
Upon  contact  of  two  brands  of  dxuralumin  corrosion,  is  possible  if  amount  of  copper 
in  them  differs  by  2.5  $  [1]* 

However,  presence  on  aluminum  alloys  of  oxidised  film  significantly  decreases 
difference  in  their  potentials,  but  in  strongly  corrosive  media  destruction  of 


prot«ctlT9  QKldlsad  flln  is  posslbls,  and  this  mat  ba  takan  into  account. 

Aluminum  under  many  conditions  has  aTectroda  potentlxild  close  to  those  of 
zinc  and  cadmium,  which  eliminatas  danger  of  contact  corrosion. 

Prasanca  in  aluminum  of  impurities,  and  also  inclusion  in  its  aUays,  for 
increase  of  mechanical  properties,  of  allaying  additions,  magnasiun  and  chromium, 
besides  maganese,  usually  decreases  corrosional  resistance  of  altaainuB. 

This  is  explained  by  the  fact  that  alloying  alssiants  distxirb  completeness  of 
continuous  and  uniform  oxide  film,  which  is  peculiar  to  pure  aluainiB,  while  in  case 
of  beginning  of  corrosion  they  accelerate  it,  acting  as  cathodes  of  corrosion 
elements. 

Especially  unfavorable  influenoe  on  resistance  of  altasinum  to  corrosion  is 
rendered  by  additions  of  iron  and  copper. 

Iron  and  copper  have  at  normal  temperature  lorn  solubility  in  alusimmw  and 
fora  with  it  interaetallic  compounda  FUAI3  and  CaAl2«  which  possess  more  positivs 
potential  than  altBinum  and,  consequantlx,  are  etrcng  cathodee,  paired  with 
which  alumlxnn  (enode)  is  quickly  destroyed.  Therefore,  if  high  reeistanoe  to 
corrosion  is  necessary,  iron  content  in  aluninum  must  not  exceed  0.4  %,  and  that  of 
copper  -  0,05  %• 

These  limitations  have  been  introduced  into  many  noras  of  foreign  countries 
(FRO,  the  United  States)  on  application  of  altmlnra  alloys  in  building  structures. 

Magnesium  in  content  up  to  3. 5'^.. 5  %  does  not  lower  corroaicnal  resistance  of 
altininum,  since  it,  like  alianintai,  is  able  to  fora  protective  oxide  film. 

When  magnesiun  content  is  higher  than  shewn  limits,  it  will  fora  with  aluminum 
tha  interaetallic  compound  Al3Mg2,  which,  separating  out  on  grain  boundaries,  may 
cause  Intercrystaline  corrosion  under  certain  conditions. 

Besides  chmnical  composition,  corrosion  resistance  of  aliadnum  alloys  is  to  a 
significant  degree  influenced  by  heat  treatment.  Usually,  all  non-heat-treated 
alloys  possess  hi^er  corrosion  resistance  than  alloys  subjected  to  heat  treatment. 


Corrosion  rNitt«ne«  of  alloft  nim^eiMd  bj  boat  troatasni  doponds  to 
high  dagrM  cm  font  and  eondltiena  of  troatiaont. 

Ihoa,  alloja  aubjoetod  afUnr  q$mictiag  to  arilfloial  aging  pooaoas  lowor 
corrosion  raaiataneo  than  all<9t  that  art  naturally  agod. 

Cartaln  aluainai  alloja  haaa  MMltivitj  to  borroaioo  cracking,  i.e.,  to 
corroaicn  daaaga  with  alaultanacna  action  of  tanaile  atrasaas  and  corroaire 
madiw. 

Saeh  alloja  incliida  alloja  of  il-Hg  ajatan  with  haightanad  nagnaaium  contmt 
(  >  5>6  %)  and  of  Al-Zo-Kg-Ca  ajata^ 

Inaaatigationa  oendoeiad  aaooBtly  faj  I»  N.  Fridljandar  and  othara  on  alloja 
of  Al-Zn-Mg-Oa  ajataa  (V95,  V%),  allcared  then  to  obtain,  with  correct  combination 
in  alloj  of  conoitratiflaa  of  alAc,  nngnasium>  and  coppar  and  optiimaa  conditions  of 
artificial  agings  artielaa  poaaaasiag  auffieiantlj  high  raaiatanca  to  straas 
corrosion  [2]» 

Dapanding  upon  rhaalsal  eoapoaition  and  haat  traatiaant,  aluBinuai  alloja  bj 
their  corrosion  raaiatanca  oan  usually  bo  diridad  into  two  groups:  tha  first 
group  includaa  alloja  of  sjataai  il>Nn  and  Al-Mg;  tha  aacond  group  -  alloys  of 
Al-Mg-Cu  and  Al-Zn-Mg-Cu. 

First  group  inclodaa  alloja  of  brands  AMts,  AMg,  AMg3,  AMg5,  axKi  AMgb,  not 
containing  coppar;  aacond  -  Dl,  D16,  V95  '  with  coppar.  Alloja  of  first  group 
have  tha  hif^aat  corrosion  raaiatanca. 

AUoj  of  Al-Mg  -Si  ajaten  of  brand  AV  (avial}  contains  coppar  ir  aM.11  quantity 
(0.2-0.6f).  In  quanchad  and  natural  agad  atata  this  alloy  in  corroaicn  resistance 
la  does  to  alloys  of  first  group.  In  case  of  artificial  aging,  for  alloy  AV 
because  of  pgreeence  of  co^^r,  there  appeaLra  Inclinrtlon  to  Intercrystalline 
corrosion.  Iherefore  in  case  of  artificial  aging  copper  content  in  avial  alloy, 
for  obtaining  of  aufflcient  corrosion  reslatanca  should  ba  liaitad  to  0.05*^.1^« 

Furthaxnors,  it  la  dasirabla  also  that  ratio  of  ailiccn  to  nagnaaiun  in  alloy 


be  as  aaall  as  possible 


Comoaian  rwlsUoM  oi*  tlwInMi  and  lt«  ftUogr*  In  difUtrait  eorroslvn 
tdia  dnpands  on  wttMllty  in  Umm  —din  of  aoddiflod  fUn  of 

In  alknU  —din  ttaoro  oconrn  d— tmetioi  of  oairtl— d  flkn  idth  fo— ntion 
of  nolnhln  nliad— to. 

Ito—fort,  for  nl— imt  nllogra,  onllioi  for  InobnnoOf  tho—  of  ot— 1,  oontneto 
nltii  — t  eone—to  nnd  plnotorlnc  solution  nrs  dnncsro— • 

la  eontnet  ulUi  dry  ecncxoto  and  plastar  al— In—  allc^  a—  ncA  — lljr 
sabjoct  to  oorroaion  C3]. 

In  — di—  of  sulfuro—  o—pn— da  -  aolfUro—  anbjdrido,  l^drofin  —111 da  •> 
flprtdtaad  flla  on  al— In—  posaasaas  rathar  hl^  stabllitj. 

Dry  aulftn—a  saa,  —  toata  in  Inatituta  of  Fbjaionl  Chanlatty  of  Inadwy  of 
SdanoM  of  USSK  aho— d,  is  not  daacaro—  for  al— in—  alloya  £4}. 

Only  during  ralati—  Inadditj  higbar  th—  70-d0  %  do—  eorr—i—  of  al— ii— 
alloja  inrraaaa  with  ineraa—  of  Sp2  eontont. 

Iba  —joritj  of  al— in—  aUogra  in  quits  aiablo  in  atawoitera  of  bidi'og— 
aulfida  and  its  aijob—  uttli  air  and  sis—  £5j« 

Of  si^nifloact  Intorsa t  for  atx—t—  la  at— apharle  corroal—  of 

al— in—  and  its  alloja,  slnoa  tha  gr— tar  put  of  buUdinga  and  atnutor—  in 
aubjactad  during  aocploltati—  to  at— apharle  Infl— . 

lhata  of  alunin—  alloja  in  at— aphario  oonditio—  bars  ta—  eondaetad  in  USSR 
during  tba  last  f—  joars  at  oorroai—  static—  of  Aaadanj  of  Sol— o—  of  0891  and 
In  a  n— har  of  othar  adantlflo  raaaarah  orpnl— tloBS. 

In— atlgatio—  of  oorroai—  raalatan—  of  al— In—  alloja  la  at— aplwrio 
oonditio—  bars  bo—  oonductad  for  20  jaarn  la  tha  Qtaitad  Stat—  bj  inaria— 

Soeiatj  for  Toatlng  Natarlala  (ASQf)  at  ni—  atatio—  (four  la  ladaatilal,  thr— 
la  Nart—,  and  tao  in  nural  a—  16];  bj  i1— la—  Conpanj  of  janrl—  (ALOOd)  at 
aaa—  atatio—  (thr—  In  Industrial  and  four  la  Marl—  a—)  £7]|  by  latlanal  lara— 
of  Standards  (IBS)  at  thr—  atatio—  [8]. 
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Ib  Flf*.  1,  2  aad  la  Dihlat  1,  2  th«r»  f  giym  MrUla  Mtulte  of  eozroilon. 


tMta  of  olniaai  oUo^  la  otaoopborio  eooditioBo  obtolaod  bgr  ASIM  oadi  ALCXA. 

Ao  Ota  bo  MW  trm  glMa  fiapho  oad  tobloof  eorrooioa  of  olwlauB  oUogro 
•hor^  ottMootM  idth  tlao*  Ihtu,  oftor  flrot  jwr»  for  olwinun  oUojt  dopth 
of  ptaBtiatioB  of  eonroolw  wo  opprosiaotoljr  oipukl  to  dopth  of  pwotrotian  oftor 
■obooqaMt  19  jtori. 

Total  dopth  of  oorroolon  oftor  20  jooro  in  irduotrlol  otaoophoro  eonotitutod 
on  tho  ooortfo  0«2-0,25  oad  In  Norino  -0. 2-0*3  oa.  Loot  of  otroncth  for 
oaaploo  with  thi  nbnooi  of  1.6  m  did  not  oxeotd  6-11  idillo  for  otool  'jndor 
onolofooB  eondltioBO  thoro  ooro  ouoh  Iooom  olroodr  oftor  firot  toot. 

AlHBiiMi  oUojo  26«  33,  AS,  323,  oad  A34S,  eloM  to  notito  oUoja  Al,  AMto, 
AHg,  oad  Ai|g3,  in  indnotriol  otaoophort  ohewod  opprodaotolj  idwtiool  dogroo  of 
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IIIi  (o)  NirlaM  dopth  of 
dangoo  in  mi  (b)  Durotlon 
of  toot  in  fooro. 


ond  dootrogr  ilialnw 

PMfooiai  tooto  of  olwinM  oUejo 


Table  1.  Corroaion  of  Alwdnwi  AIloTa  23  and  3S  AfUr  20  Tears  According  to  Teate  by  ASM 

Sa^aes  with  ThldOMsa  of  0.8?  ■■ 
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/  >  t  t  to  n  IB  20 

{X^poOtfiMumtA^tiottn^  ucntimtiHuM  !  toiat 


Tatta  bj  Milan  Inatitnta  of  Nonfarrous 
MaUla  of  abonb  10  brandta  of  AliMinuB  alloxa 
In  four  tjpaa  of  indnatrial  ataoapharo 
ahowad  aignlfieant  superiority  of  aluBlntu 
alloya  orar  steal  [10].  Loaaaa  of  atrai>«th 
of  saaples  with  thickness  of  1*5  nt  frooi 
allojB  AG  2.5  and  AMI. 2  (close  to  native 
brands  AMg  and  AMts)  after  2  years  of 


Fig.  2.  ATsrage  corrosion  losses  of  tests  near  cheedcal  factory  in  ataoephere 
strength  of  saaples  with  thickness  of 

1.6  OB  frcB  altadnuB  alloys  2S,  33,  eontejoinated  trith  nitrogenous  and  aaaiaciluBi 


1.6  OB  frcB  altfldnuB  alloys  2S,  33,  eontejoinated  trith  nitrogenous  and  amonluB 
43  (b)  and  low-carbon  steals  (a)  in 

MarlAS  and  indnatrial  atBoapharaa  [?].  ftaoea  and  aulfuroas  anhydride  constituted 
Marina  ataosphers:  1)  Kura  Beach,  30 

B  frca  ahccBj  2)  Point  Judith  100  b  2-3  %i  and  steal  soaplas  —  30  %,  For 
froB  shefa;  3)  Mlani  Beach  100  b  froB 

shore;  4)  Gaorgetcam  2,500  b  froa  alloy  AG5,  containing  aaatrly  5  %  Mg,  losses 


B  free  ahcce;  2)  Point  Judith  100  b 
froB  shefe;  3)  Mlani  Beach  100  b  froB 
shore;  4)  Gaorgetcam  2,500  b  froB 
shore:  industrial  atBosphare;  5)  Hew 
Ceoslngton. 

KEY:  (a)  Losses  of  strength  in  %; 

(b)  Duration  of  test  in  years. 


of  strangth  under  these  conditions  ware 
greater  than  for  other  alloys. 
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Fig.  3.  Appearance  of  corrugated  sheets  froB  • 

Ojiy  aluBlnum  alloy  VA60  (a)  and  galvanised  steel  (b) 

after  3  years  of  tests  in  atnoephers  of  chsBical 
factory  [11]. 

In  general,  least  coxTOsion  losses  under  all  conditions  during  test  in  Italy 
were  observed  for  pure  aluminum  and  for  its  alloys  AG2.5,  AM1.2,  and  AS0.4G  (close 
to  AMg,  AMts,  and  AV). 

Tests  in  Italy  also  coefinaed  fading  of  corrosion  of  altaninua  alloys  with 


time. 
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Extcnslv^e  tosts  of  Aluieinum  ftllcya  for  iha  purpor'o  of  their  applicetlcn  as 
roofing  on  chemical  factories  were  conducted  in  England. 

In  fig.  3  there  is  shcr^  appearance  of  cozTugated  sheets  from  aluminum  alloy 
vA  60  and  galvanixed  steel  after  3  3'ear8  of  tests  in  atmosphere  of  chciidcal 
factory,  contaminated  with  ammonia  and  sulfurous  gas  [Hj.  As  can  be  seen  on 
photograph,  galvanized  sheet  corroded  right  through,  while  sheet  of  aluminum 
alloy  Is  in  good  condition. 

Tests  in  England  led  to  conclusicn  that  period  of  service  of  unprotected 
aluminum  roofing  with  thickness  of  0.7  san  under  the  heaviest  corrosiai  conditiois 
of  chemica]  factory  will  be  not  less  than  7  years,  whereas  I'oofing  frcan  galvanized 
steel  under  such  conditions  will  serve  no  more  thin  2  years. 

Besides  the  designated  tests,  very  valuable  ^  .ca  on  corrosion  resistance  of 
aluminum  was  votained  as  a  result  of  inspections  made  in  various  countries  of 
sxj-sting  aluminim  structures  exploited  for  prolonged  period  without  any  protection. 

To  the  longest-staading  knc«m  esounples  of  service  of  alumin^mx  in  atmospheric 
conditions  belong  parts  of  Washington  M'Xiument  in  the  United  States  (18B4)  and  statue 
of  Eros  in  Lon-Jon  (1893)!*  mads  from  case  aluminum  of  lew  purity*  Inspection  of 
Washington  Monument  in  1931#  i.®.*  after  50  years  of  service,  showed  that  aluminum 
detail  is  in  good  condition  [12].  Statue  of  Erxo,  in  spite  of  corrosive  atmosphere 
of  London  has  also  kept  well  in  the  city  to  this  time  [13] • 

In  literature  there  is  also  brief  mention  oi  roof  of  warehouse  building  from 
sheet  alum^unan  with  thlcknees  of  0.3  om,  existing  in  rural  locality  for  more  than 
100  years  l14]. 

Of  significant  interest  are  the  two  fcllcwing  examples  cf  long-standing 
service  of  alximinum,  since  this  is  cne  of  first  sufficiently  detailed  inspections 
of  application  of  aluminum  for  purely  structxural  purposes:  comice  of  an  apartment 
bi’ilding  in  Montitwl  (1896)  [15]  and  roof  of  a  church  in  Rome  (189'?)  [I6j. 

In  Table  3  there  are  given  results  ol  inspection  of  these  structures  and  also 


*  m»b«r  of  othor  itructuroc  raltod  laior  4t  difftmt  tljMNi. 

frm  dat4  in  Ttblo  3  it  ia  olaar  that  rata  of  eorroaion  of  alwdnuB  and  its 
allogm  aftar  40->50  jaar  pariod  ill  atMoaphara  of  Induatrlal  eitlaa  conatitutad 
0.003-O.0Q4  a«/7«ar.  Aftar  ahartar  pariod  of  tiaa,  aapaclallj  in  firat  jaar, 
rata  of  corroaicn  ia  aignifiaaatly  highar  and  raachas  0,03*-0.1  no/y'^r. 

Firat  erltaria  of  eorroaion  on  atruetura  from  aluadnm  allogra  can  appaar 
aftar  ralatiaaly  abort  intanral  of  tlna.  Thus,  from  axparianoa  of  conatruction 
in  England  thara  ara  knoMn  caaaa,  «han  in  induatrial  atmoaphara  of  Nanehaatar 
aluBinira  atructuras  aftar  juat  2  months  aara  covered  with  considerable  quantity 
of  eorroaion  pita.  Subaaq^antly  eonductad  inapactiens,  aftar  each  6  montha 
and  taata  of  aamplaa  of  atruetnraa  did  not  show  ineraaaa  of  depth  of  eorroaion 
or  loNaring  of  strength  properties  [20]. 

Exparianca  of  exploitation  of  building  atructuras  from  aluadnum  alloya 
abroad  ahomi  that  their  eorroaion  la  fraquantly  aora  intanaa  in  plaeaa  uhieh  ara 
poorlj  vantllatad,  ara  not  washed  bj  rain,  and  where  thara  is  large  aeeiBulation 
and  ratmtion  of  dust. 

Incorrect  application  of  aluminum  aUoya  in  building  atructuras  can  aoBtatiDes 
lead  under  corrosive  conditions  to  significant  corrosion. 

Thus,  for  instance,  during  construction  of  roof  for  building  of  gas 
purification  shop  of  one  of  chemical  factorias  in  Liverpool,  a  sheet  with  thickness 
of  0.7  mn  from  aluminum  -  manganese  alloy  was  placed  on  steal  rafter  girder 
without  any  insulation.  After  4  years  at  place  of  contact  of  aliaainum  roof  with 
steel  girder  then  was  revealed  damage  of  altmiinua  sheet  throuj^  its  entire 
thickness,  whereas  on  other  sections  of  roof  depth  of  eorroeion  did  not 

exceed  0.2  mm  [18].  Houavar,  with  correct  application  of  aluminum  alloya,  they, 
under  many  Induatrial  condltiona,  have  aufflciantly  hig^  eorroaion  realstanea 
without  any  protection. 

This  was  confirmed  cm  many  atructuras,  built  in  recent  years  where  unprotected 


Table  3.  Corrosicm  of  Aluminum  and  its  Alloys  In  Building  Structures 
According  to  Results  of  Inspections 
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•troetur»8  trm  aluBimiB  allojn  of  atIaI  tjrpo  and  thoM  of  piUtad  duralvnin  did 
not  thaw  critarla  of  eoxroslon  altar  flrat  jraara.  Among  tham:  ara  brldgaa  in 
Scotland  (Fltloch),  Canada  (Arrida)  and  PRG  (Duaaaldorf),  hangara  at  Londoh  airport, 
tranaformar  aubatatlon  In  Now  Zealand  (Haywood),  and  many  otharo. 

In  Table  A  on  the  baaia  of  analyala  of  data  of  n*mwroua  testa  and  inapectlona 
of  oxlating  atructuras  built  abroad  mean  values  are  given  of  rata  of  corrosion  for 
aliminuB  alloys  and  steel  tinder  different  atmospheric  conditions. 

Table  4.  Average  Rates  of  Corrosicm  for  Aluminum  Alloys  and  Steel  in 
mm/year  Under  Different  Atnoepheric  Conditions 
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KEI:  (a)  Material;  (b)  Duration  of  observation;  (c)  lyps' 
bf  atmosphere;  (d)  rural;  (e)  industrial;  (f)  Marina;  (g) 

Aluminum  alloys;  (h)  Steal;  (1)  First  year;  (j)  Subaaquant 
years;  (k)  Average  for  10  years;  (1)  The  same. 

From  values  given  in  Table  4  it  is  clear  that  rata  of  corrosion  of  alumintim 
alloys  in  different  atmospheres  dlifars  only  in  initial  period,  but  then  becomes 
constant  for  all  types  of  atmospheres.  Rate  of  corroeion  of  alwinua  alloys  is 
lower  than  rate  of  corrosion  of  steel  in  industrial  atmosphere  fay  10  times,  in 
rural  >  by  5  times,  in  Marine  -  3  times. 

AboveHsentlonad  survey  shows  peculiarity  of  corrosion  behavior  of  aluminum 
alloys  under  different  conditions,  rata  of  their  corroeion  in  building  structures 


and  superiority  in  corrosion  resistan'^e  over  steel. 

However,  data  existing  at  present  on  corrosion  of  aluminum  alloys  does  not 
embrace  the  whole  variety  of  corrosive  media  in  which  building  structures  can  be 
exploited.  Ftirthermore,  available  foreign  data,  undoubtedly,  require  checks  under 
our  conditions  for  native  materials. 

Below  there  are  described  corrosion  tests  conducted  at  YuzhNII  [Southern 
Scientific  Research  Institute]  of  aluminum  alloys  under  natural  conditions. 

2.  Methods  and  Carrying  out  Corrosion  Tests  of  Aluminum 
Alloys  Under  Natural  Conditions 

Corrosional  tests  have  purpose  of  establishment  of  amount  of  corrosion  of 
native  brands  of  alumintui  alloys  in  conditions  of  ser  ice  of  building  structures 
of  metalliirgical  factories  and  in  atmosphere  of  industrial  city,  selection  of 
best  material  in  corrosion  resistance,  determination  of  minimum  permissible 
thicknesses  of  structures  from  condition  of  corrosion,  etc. 

Investigated  are  corrosion  properties  of  altiminum  alloys  of  systems  aluminum  - 
manganese  (AKts),  aluminum  -  magnesium  (AMg6),  aluminum  ->  magnesium  -  copper  (bl6), 
and  also  steel  of  brand  of  St  3« 

Tests  are  made  on  sheet  semifinished  products  with  thickness  in  the  main  of 
3  mm.  Furthermore,  sheets  are  being  tested  of  smaller  thicknesses  (1.5  and  1  mm), 
but  results  on  them  are  still  unavailable. 

Sheets  from  alloy  D16-T  are  being  tested  both  with  protective  plating  of 
alurdnum  with  thickness  of  0.1-0.12  mm  on  each  side  of  sheet  and  also  without  it. 
Unprotected  sheets  from  D16-T,  and  also  from  AMg6  have  industrial  plating  with 
thickness  of  0.03  mm  on  each  side  of  sheet.  Indicated  industrial  plating  serves 
basically  for  easing  of  production  of  rolling  articles  from  alloys  with  large 
content  of  magnesium  and  copper  and  does  not  have  protect'‘ve  aims.  Sheets  from 
alloy  AMts  had  no  plating. 

Initial  data  about  investigated  materials  are  given  in  Table  5. 


Tftbl*  5.  Initial  Data  on  InveatigaUd  Sbe«t,  ^codfinished 
Prcducts  from  Aluminian  Alloys  and  Steel 
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I^:  (a)  Alloys;  (b)  Heat  treataunt;  (e)  Chodoal 
coBii>;«ition  in  (d)  Mechanical  ^perties;  (e) 
ultlnate  strsn^h^in  kg/mt^}  (f)  yield  point 
in  kgAn^;  (g)  specific  elongation  in  %i  (h) 
Annealing:  (i)  Traces;  (j)  Quenchina  and  natural 
aging;  (k)  (plated);  (l)  The  sasie;  (d)  St  3  (open** 
hearth  furnace,  dead  melt);  (n)  In  rolled  state. 


Test  are  conducted  <ai  samples  in  the  fom  of  rectangular  plates  of  150  X 
100  nm  cut  from  sheets  in  direction  across  rolling  .*  Surface  of  samples  mas  not 
subjected  to  additional  treatment  and  had  natural  state,  obtained  after  rolling. 
Before  testing,  samples  uere  degreased  in  acetone  and  alcohol. 

As  basic  indices  of  corrosion  there  were  take:  losses  of  mechanioal  properties 
(K^  ,  K  f ),  of  weight  (Kg),  and  depth  of  penetration  of  corrosion  (1^|)« 

Loss  of  mechanical  properties  due  to  corrosion  was  found  to  be 

^  JlZliL-  100%  ;  K,=  **~^100%. 

*  s  *• 

^Besides  shrsn  type  of  samples,  at  present  there  are  being  tested  samples 
with  welded  Joints  in  strain  state  (in  contact  with  steel).  Howerer,  results 
of  tests  of  these  samples  will  be  obtained  later. 


I 

vheroK^  AndK,  >  lossea  of  ultjjnate  strength  and  specific  elongation  In  %; 

3^  and  e,  -  ultimate  strength  In  kg/om^  and  specific  elongation  In  %  metal 
In  Initial  state; 

and  Cl  -  ultimate  strength  In  kg/mm^  and  specific  elongation  In  %  metal 
after  corrosion  tests. 

Ultimate  strength  and  specific  elongation  ( £» )  of  metal  in  initial  state 
were  established  from  average  of  tests  of  18-20  transverse  samples  taken  frcm 
different  points  through  length  and  width  of  sheet.  Here  root  -  mean  -  square 
deviation  for  sheets  frcm  different  alloys  constituted;  for  ultimate  stiength 
0.4-1. 6  JK,  for  yield  point  1.2  -  U  %,  for  specific  elongation  5-16  %, 

Thus,  the  stables  of  mechanical  properties  of  material  Is  ultimate  strength, 
changes  of  which  were  taken  as  one  of  basic  Indices  of  corrosion  resistance. 


Mechanical  properties  of  metal  after  corrosion  were  determined  by  means 

of  tensile  test  of  no  less  than  three  standard  samples  of  150  x  20  nm  dimension  cut 

from  already  corroded  plate.  Breaking  load  pertained  to  Initial;  before  corrosion 

section  of  sample,  i.e.,  "conditional"  ultimate  strength  was  detemlned. 

Losses  of  weight  were  calculated  by  the  formula 

K,  -  riMl 

K  100U-, 

where  Kg  -  loss  of  weight  in 

go  -  weight  of  sample  In  initial  state  in  g; 

gl  -  weight  of  sample  after  removal  of  products  of  corrosion  in  g; 

Agl  -  loss  of  weight  of  basic  metal  in  solution  for  removal  of  products  of 


corrosion  in  g; 

F  -  total  s\u*face  area  of  sample  In  m^. 


Removal  of  products  of  corrosion  was  done  by  chemical  method  In  solutions: 

1)  for  aluminum  alloys  -  200  ml  H2PO4  +  80  g  Cr20^  per  liter  of  water; 

2)  for  steel  -  10  ^  H^SO^  +  1  $  formalin. 


T«ip«x«tur«  of  solutions  -  roon;  tins  of  stay  in  solution  of  ssnplss  from 
aluninum  allojs  uas  2  hours;  saaplss  of  stasl  -  frosi  3  to  5  hours,  depsnding  upon 
dsgrss  of  corrosion  of  saaple.  Losass  of  wsight  of  basic  natal  (^gl)  constituted 
on  the  average:  for  alunintsn  alloys  0.01  g/hour;  for  steel  0.1  g/hcur,  uhich  did 
not  exceed  f>  %  of  losses  of  metal  fron  corrosion*  Weighing  of  samples  from 
alianinun  alloys  mas  done  with  accuracy  up  to  0.0001;  sanplea  of  steel  -  to  0.01. 
Depth  of  penetration  of  corrosion  was  detemixMd  by  foUcsring  methods: 

1)  through  losses  of  weight  (K^g); 

2)  through  losses  of  strength 

3)  by  direct  maasuresisnts  (K^) 

If  ^  ^  MM  . 

1000  y 

where  Kg  -  loss  of  Might  in  gA^i 

I  specific  gravity  in  g/cn^  (for  all  alianlniss  alloys  2.7;  for  steel  7.85); 

1 

1006  -  conversion  factor  fron  a  and  ca  to  san; 

X.  =  ~  *  aw . 

^  2  S 

where  a  a  -  losses  of  ultionte  strength  in  kg/m^; 

-  ultimate  strength  of  netal  in  initial  state,  in  kg/^an^; 
h  -  initial  thickness  of  sample  in  bb; 

1/2  -  coefficient  signifying  loss  of  thickness  on  one  side  of  ssnple. 

Direct  measurement  of  depth  of  corrosion  damage  was  made  with  help  of  an 
indicator  adapted  for  this  purpose  with  value  of  each  division  of  1  m . 

Besides  above-indicated  basic  indices  of  corroslcsi,  there  was  determined  also 
variation  factor  of  distribution  of  corrosion  by  the  foraula 

A  —  “  , 

where  Kg  -  loss  of  weight  of  sample  in 

Kff  -  loss  of  ultimate  straigth  of  sample  in 
With'  continuous,  uniform  corrosion  coefficient  K  should  be  near  to  one. 


I 

( 


In  case  of  continuous,  nonunlforn  or  localized  corrosion  the  more  value 
of  coefficient  K  differs  fj*cin  1,  the  more  nonunifonn  is  character  of  corrosion. 

Indices  of  corrosion  were  taken  as  average  frcn  two  identical  samples. 

Corrosicm  tests  are  being  conducted  at  two  metallurgical  (  Zaporozh 'ye  Krivoy 
Peg)  and  one  by-product  (Krivoy  Rog)  factory  and  in  atmosfiierc  of  an  industrial 
city  (Khar'kov), 

In  different  workshops  of  the  indicated  factories  there  were  set  up  test 
stands  to  which  were  fastened  samples  of  investigated  metals.  Stands  consist  of 
wooden  lattices  with  dimensions  1.4  X  1.1  m  or  1.2  X  0.9  m,  which  are  moxmted  on 
existing  building  structures  or  on  special  supports.  The  lattices  are  disposed 
both  vertically  and  at  an  angle  to  horizon  (30  and  60®). 

In  Fig.  4  there  is  shown  general  view  of  two  such  stands.  Each  sample  is 
fixed  on  stand  with  help  of  four  porcelain  isolators  (rollers)  in  grooves  of 
which  it  fits.  Thus,  reliable  bracing  and  insulation  of  samples  are  assured. 


Fig.  4.  General  view  of  two  stands  of  Tuzh-VII  for  corrosion  tests  . 

a)  stand  No.  9  on  gantry  crane  of  slag  -  granulation  basin; 

b)  stand  No,  1  on  rafter  girder  of  building  of  pickling  section  of  cold 
rolling  workshop. 

Ketallurgic  and  by-product  coke  factories,  thanks  to  their  large  dimer.jions 
and  various  forms  of  production,  have  very  different  character  and  ccmpositicvi  of 
corrosive  medium.  Therefore,  during  selection  of  places  for  carrying  out  corrosion 
tests  we  strove  to  embrace  the  most  characteristic  exploitc  .ional  media,  and  also 


thoe«  places  lAich  ar«  of  Interost  tram  th#  point  of  vi«w  of  application  of 
aluninuB  alloys. 

j 

All  stands  under  test  conditions  can,  in  the  first  place,  be  conbined  in 
two  groups:  in  open  atmosphere  and  inside  buildings. 

In  Tables  6  and  7  there  are  given  places  of  installation  of  test  stands 
and  brief  characteristic  of  area  of  carrying  out  of  tests. 

As  can  be  seen  from  Table  6,  tests  simulate  general  factory  atmospheric 
conditions  in  region  ot  blast  furnace  and  open-hearth  shops,  the  recovery  shop, 
and  also  in  microcosms  with  considerably  local  corroeive  emissions  -  coke-slaking 
tower,  slag-granulation  basin. 


Table  6.  Places  of  Carrying  out  of  Corrosion  Tests  by  YushNII  under 
Atmospheric  Conditions  of  Metallurgieal  and  By-product 
Coke  Factories  and  of  the  Industrial  City 
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Table  7.  Place  of  Carrying  out  of  Corrosion  Teats  by  YuzhNII  was 
Inside  Industrialj  Buildings  of  Metallurgical  Factory 
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Test  inside  buildings  include  five  forms  of  production,  where  along  with 
such  serious,  from  the  point  of  view  of  corrosion  of  metals,  conditions  as 
casting  bed,  pickling  section,  there  were  chosen  places  with  Isss  corrosiveness 
of  intrashop  medium  —  mixer,  thin-sheet  shop. 

Installation  of  samples  from  alxaninum  alloys  of  brands  AMts,  AMg6,  D16,  and 
steel  of  brand  St3  was  done  in  period  from  15  September  through  3  October  1958, 

Total  duration  of  corrosion  tests  was  fixed  at  3  years,  with  determination 
of  indices  of  corrosion  after  each  year. 

First  lot  of  samples  was  removed  from  stands  in  period  frcm  5  through  25 
August  1959,  i.e,,  almost  eleven  months  after  their  installation.  At  the  same 
time  there  viore  set  up  additional  samples  from  alloys  AHg,  AMg5v,  and  AV,  for 
which  results  will  be  obtained  late. 

Below  then  are  given  results  of  first  year  of  coiurosion  tests  of  aluminum 


alloys  y^ts,  AMg6,  and  D16 


'  •  <r  j[ 


3.  Reaulta  of  Annual  Corroaion  Toats 


Invaatig&x^ed  aluminum  alloya  after  elevan  montha  of  teata  under  all  (with 
acme  exception)  conditiona  had  corroaicn  damage.  Only  on  atand  inside  rollin#^  shop 
(above  milla)  had  aamplea  kept  initial  surface  atate.  Inaide  building  of 
stockyard  and  mixer  corroaicn  damage  was  on  lower  aide  of  sample,  but  upper  side 
had  kept  its  initial  state. 


Fig.  5*  Damage  to  upper  (a)  and  lower  (b)  aides  of 
plate  frcE  alloy  D16-T  with  protective  plating  under 
heavy  corroeion  conditions.  Cne  nay  aee  greater 
damage  to  lower  aids  of  sample  as  compared  to  upper, 

AimniniBE  alloys  AKts-M,  AKgo-f',  and  Dib-T  (the  latter  with  plating/  under 
all  conditions  revealed  localized  corrosion. 

Alloy  D16-T,  depending  upon  conditions  of  tests,  had  both  solid  (stands  No. 
li,  9,  6)  and  l-'calixed  corrosion. 

In  Table  8  there  are  given  dimensions  of  corroded  surface  of  samples  in 
percentages  of  tneir  total  surface  area. 

In  Fig.  5  there  is  snown  state  of  surface  of  one  of  tested  eamplea  under 
the  Boat  serious  coxToaion  conditions. 


Table  B.  PercenLage  of  Corroded  ourface  in  Relation  to  Total  Area  of 
Samples  from  Aluminum  Alloys  and  Steel  After  Fleven  Months  of 
Tests  Under  Natural  Conditions 
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Note;  In  upper  line  there  are  given  data  pertaining  to 
upper  side  of  plate,  in  lower  -  to  lower  side. 


From  values  given  in  Table  8  and  also  from  Fig,  5  it  is  clear  that  lower  side 
of  plates  was  corroded  25~30$  more  than  upper.  This  may  be  explained  by  the  fact 
that  although  lower  side  of  sample  was  in  lesser  degree  subject  to  atmospheric 
influences  (rain,  dust),  the  drying  of  moisture  on  it  occurs  more  slowly  and 
usually  more  dust  accumulates,  which  is  less  removed  by  wind  and  ra*  than  that  on 
upper  side.  All  this  creates  favorable  conditions  for  more  intense  corrosion  on 
lower  side  of  sample. 

Inside  stockyairi  and  mixer  the  worse  state  lower  side  of  sample  is  caused 
by  the  fact  that  with  slanted  disposition  of  samples  on  these  stands  the  lower 
side  was  subjected  to  direct  influence  of  corrosive  agents  rising  from  beneath 
(locomotive  smoke,  gasses), 

Kach  aJ.loy  displays  its  own  peculiar  type  of  corrosion  damage  which,  with 
little  exception,  is  kept  un^'cr  all  conditions. 

Thus,  alloy  AMts-M  corrodes,  basically,  in  the  form  of  separate  dots  and 
'worm  holes";  in  area  of  coke-slaking  tower  there  is  revealed  pitting  (Fig.  6,  a). 


Fig.  6.  Form  of  corroeion  damage  to  sheets  frcm  different 
aluminum  alloys  (greatly  magnified) 
a)  AMts-M:  damage  in  the  form  of  dots  'Vorm  holes-'  and 
pitting;  h)  D16-T  >fith  protective  plating:  destmction 
of  plating  (one  can  see  sh  .Ilow,  honeyccmb  structure  of 
surface  of  basic  metal);  c)  AMg6-H  with  industrial 
aluminum  plating  -  swelling  of  surface. 

Surface  of  samples  from  alloy  is  covered  with  swellings »  having  oval 

or  winding  outline  in  plai*.  Beneath  r  ellings  there  are  usually  revealed 
crater-like  depressions  ir.  metal  ^Fig  6.  c). 


oaraples  fron  alloy  D16-T  have  dots  and  '•wom  holes";  with  solid  corri^sion 
their  surface  takes  on  a  shallow  honeycomb  pattern. 

Destruction  of  plating  layer  on  alloy  Di6-T  has  character  of  dots  and 
worm  holeis,"  under  severe  conditions  -  spots,  surface  of  which  has,  as  and  for 
unplated  alloy,  shallow,  honeyconb  structure  (Fig.  6b  ), 

Different  character  of  corrosion  damage  on  surface  of  investigated  alloys 
iray  he  explained  by  the  following. 

As  it  was  noted  above,  sheet,  semifinishei  froducts  from  alloy  AMg6  have 
industrial  aluminum  plating  with  thickness  of  0.03  nm  on  each  side  of  sheet.  In 
an  electrochemical  sense  plating  an  alloy  AMg6  is  cathode,  Tliis  means  that  during 
penetration  of  corrosive  agents  through  the  microcracks  always  available  in  plating, 
corrosion  damage  occurs  throiigh  core  of  sheet,  and  corrosion  products  formed 
here  swell  plating  layer. 

With  respect  to  alloy  D16-T  aluminim  plating  is  anode,  and  during  corrosion 
processes,  it,  being  destroyed,  protects  basic  metal.  Therefore  corrosion  damage 
cn  alloy  with  protective  plating  had  character  of  dots  and  patches  with  maiximum 
depth  equal  to  thick.ie=is  of  plating  layer.  Only  with  great  area  of  destruction 
of  plating  (patch  with  diameter  of  3-4  cm)  did  its  protective  action  fail,  and 
corrosion  started  to  spread  to  interior  of  basic  metal. 

Steel  samples  tested  in  parallel  with  aluminum  had,  basically,  solid, 
uniform  corrosion.  Under  conditions  of  coke-slaking  tower  on  steel  samples  there 
were  foxmd  separate,  deep  corrosion  pits, 

'^ntitative  indices  of  corrosion  of  aluminum  alloys  and  steel  are  loss 
uf  weight  and  mechanical  properties;  depth  of  penetrations  are  given  in  Tables 
9-11. 

In  examining  quantitative  indices  of  corrosion,  in  the  first  place,  one 
should  note  that  all  of  them  do  not  identically  characterise  corrosion  resistance 
of  aluminum  alloys. 


Thus,  for  instance,  under  conditions  of  stand  No.  8  losses  of  weight  for 
alloys  AMts-M  and  ri6-T  are  equal,  while  loss  of  strength  for  first  alloy  turned 
cut  to  be  2.5  tines  more  than  for  second.  There  is  also  a  difference  in  depth 
of  corrosion,  determined  through  losses  of  weight  and  stren'^t'i,  and  by  direct 
measurements. 

All  this  is  explained  by  the  fact  that  corroaion  of  aluminum  alloys  has 
mainly  a  localized  character,  therefore  during  appraisal  of  their  corrosion 
resistance  jji  refei^nce  to  building  structures,  we  must  take  this  as  an  index 
of  corrosion. 

Corrosion  resistance  of  aluminum  alloys  in  building  structures  is 
most  correctly  estimated  by  loss  of  strength  and  depth  of  corrosion,  determined 
by  direct  maasurements. 

Table  9.  Losses  of  Vleight  of  Aluminum  Alloys  and  Steel  Due  to 

Corrosion  After  U  Months* 
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For  steel  corrosion  weight  losses,  strength,  and  thickness  usually  agree 
quite  well  among  themselves;  therefore  each  of  them  can  separately  characterize 
its  corrosion  resistance. 

It  is  necessary  also  to  consider  that  loss  of  strength  is  relative  index, 
*^nc7  it  ia  obtained  on  samples  having  certain  thickness.  With  identical 
degree  of  corrosion,  sajmples  of  large  thickness  will  have  asaller  losses  of 
strength,  proportional  to  increase  of  thickness  of  sample. 


Table  10.  Lessee  of  Mechanical  Properties  of  Aiujnlnua 
Alloys  and  Steel  Due  to  Corrosion 
After  11  Months  in  % 
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Table  11.  Depth  of  Penetration  of  Corrosion  for  Aluminum  Alloys  and  Steel 
After  11  Months  of  Tests  Under  Natural  Conditions,  in  ram 
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Pat*  filTen  in  tablea  shcwf  that  corroaion  losaea  of  altariniw  ailo's  to  s^reat 
dagrea  depend  on  conditiona  of  teat.  Thus,  in  different  placea  in  at»osp*iere  of 
of  metallurgical  factory  ratios  of  maximum  and  minimum  corrosion  losses,  on 
the  average,  for  all  aluminum  alloys  were  equal:  for  strength,  to  5»  and  for 
weight,  to  35. 

Ratio  of  corrosion  losses  of  aluminum  alloys  AMts-M,  AMg6-M,  D16-T  under 
identical  conditions  constituted  by  weight  J.3-i^.3  to  one,  by  strength  1.5-5; 
to  one.  Under  conditions  of  stands  No.  9,  8,  and  11  ratios  in  losses  of  strength 
were  larger  and  reached  up  to  3. 4-6, 3  to  one. 

Tne  greatest  losses  of  strength  were  shown  by  all  aluminum  alloys  in  area  of 
coke-slaking  tower  (10.  5-17.2  %),  the  least  -  in  area  ol  open-hearth  shop 
(2.3-3.4  %). 

Inside  pickling  section,  and  especially  in  casting  yard,  corrosion  losses  were 
canparatively  high,  and  they  exceeded  losses  under  a  number  of  atmospheric  conditions. 

Corrosion  losses  in  city  atmosphere  turned  out  to  be  no  less  than  losses  in 
certain  places  in  atmosphere  of  metallurgioil  factory,  for  instance  in  region  of 
open-hearth  shop. 

During  ccniparison  of  corrosion  resistance  of  different  alubinun  alloys  it  is 
clear  that  resistance  is  not  always  Identical,  and  that  it  depends  on  conditions 
of  tests.  Only  alloy  D16-T  with  protective  plating  shcsssd  least  corrosion 
losses  under  *11  conditions.  Among  the  remaining  alloys  no  rne  was  supertor  under 
all  conditions  and  in  all  Indices. 

Ihus,  under  strongly  corrosive  conditions  at  coke-slaking  tcwer  the  biggest 
losses  were  for  alloy  D16-T,  then  there  follcsoed  alloys  AMg6-<4  and  AMte-K.  Under 
remaining  caiditions  in  losses  of  strength  alloys  were  disposed  moat  freqttently  in 
following  manner:  the  biggest  —  for  alloy  AMgo-M,  then  followed  AMts-H  and  D16— T, 

By  weight  losses  order  of  disposition  of  alloys  was  usually  inverse,  CWy 
inside  casting  yard  lor  alloy  Ui6-T  did  weight  and  strength  indices  of  corrosion 
turn  out  to  be  less  than  for  remaining  alloys. 


r^culiitrity  in  corrosion  t)ehavior  of  differs,  t  t  rarK^ls  of  aiuriir.iir,  a’ioys  tnay 
t)e  explained  by  follo»rLni^  circumstances, 

!n  the  first  place,  it  is  necessary  to  note  the  influence  of  industrial  platinr 
on  alloys  D16-T  and  AMg6-M  on  their  corrosion  resistance. 

One  may  assume  that  industrial  plating  on  alloy  D16-T  in  some  degree  rendered 
protective  action,  at  least  in  first  period  of  tests. 

Corrosion  on  alloy  D16-T,  thanks  to  presence  of  industrial  plating,  had  more 
frequently  surface,  rather  than  deep-seated  character.  This  indicated  the  fact 
that  samples  from  alloy  D16-"'  with  the  biggest  losses  of  weight  often  had  least 
losses  of  strength. 

Indices  in  this  respect  are  values  of  coefficient  of  uniformity  of  corrosicm 
)for  different  aluminum  alloys.  Thus,  average  magnitude  of  coefficient  of 
uniformity  of  corrosion  for  alloy  Dlo-T  constituted  0.52  (xlth  separate  values, 
close  to  0.8),  for  alley  AMts-M  -  0.23,  and  for  alloy  AMg6-M  -  0,18.  For  steel 
these  values  constituted,  on  the  average  0,85, 

On  corrosion  of  aluminum  alloys  influence  was  rendered  by  presence  in  dust  of 
metallurgical  factory  of  iron-oi'e  particles  in  the  form  of  iron  oxides, 
iron  oxides,  on  sampxe  er  or  oust,  can  render  influence  on  course 

of  corrosion  processes,  emerging  as  cathode  particles.  Under  such  conditions 
corrosion  for  alloy  D16-T,  which  has,  as  compared  to  other  alloys,  a  more  positive 
potential,  should  be  the  least. 


Possibly,  therefore,  under  conditions 


Fig.  7.  Corrosion  of  aluminum 
alloy  AKts-W  in  contact  with 
steel  under  severe  corrosive 
conditions. 


of  casting  yard,  where  in  solid  crust  of 
dust  existing  on.  samples  there  was  revealed 
significant  quantity  of  magnetite  Fe^O^ 

(40  %)f  large  losses  of  weight  were  displayed 
by  alloys  with  more  negative  potential 
(AMg6,  A'  ts). 


Of  interest  are  results  of  test  of  certain  samples  frcoi  alurinum  alloys 
which  were  in  contact  with  steel. 

Under  conditions  of  stand  No.  12  plate  frcn  alloy  AKts  in  contact  *rith  steel 
plate  was  bent  by  accumulated  products  of  corrosion  {Vip,,  7),  which  ccaisisted, 
basically,  of  aluminum  hydrojcide.  Surface  of  sample  from  alloy  AMts  adjacent  to 
steel  sample  corroded  considerably,  while  surface  of  steel  plate  remained  almost 
untouched  by  corrosion.  Loss  of  weight  of  sample  of  AMts  turned  out  to  be  times 
more  than  loss  of  weignt  of  the  same  sample  without  contact  with  steel. 

Loss  of  weight  of  steel  contact  plate  was  3  times  less  than  for  sample  without 
contact. 

On  remaining  stands  where  there  were  exposed  samples  and  where  external  medium 
was  less  corrosive  (stands  No.  2,  7,  13,  and  14)  upon  vistial  inspection  there 
wera  revealed  no  distinctions  in  them  frcm  ordinary  samples. 

On  the  basis  of  obtained  results  of  tests,  after  11  months  it  was  possible  to 
derive  average  rate  of  corroeion  of  rolled  sheets  from  aluminum  alloys  after 
first  year  under  different  conditions  (Table  12). 
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I  Table  1?.  Mean  Vaiu.'  of  Corrosion  Losses  After  First  Year  of  Rolled  Sheets 
From  Aluminum  Alloys  and  Steel  With  ThicKnees  of 
r  ^  3  mm  Under  Different  Conditions 
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In  ccnpariscf)  of  corrosion  rsslstance  of  aluminum  alloys  with  steel  it  is  clear 
that  all  aluminum  alloys  in  most  cases  are  superior  in  corrosion  resistance  to 
structural  steel. 

Relationship  between  corrosion  losses  of  aluminum  alloys  and  steel  is  not 
constant,  but  it  is  significantly  changed,  depending  upon  nature  of  corrosive 
medium. 

Thus,  for  instance,  losses  of  strength  of  alloy  D16-T  were  less  than  losses  of 
strength  of  steel  in  area  of  granulation  pit  by.  11.5  t.imes;  in  atmosphere  of 
open-hearth  shop  by  2.9  times;  inside  casting  yard  by  1.8  times. 

Average  corrosion  losses  for  all  alxmiinum  alloys  under  atmospheric  conditions 
were  approximately  3  times  less  than  for  steel. 

Inside  industrial  buildings  superiority  of  aluminum  alloys  over  steel  was  less. 

Results  of  first  year  of  teats  are,  of  course,  insufficient  for  final  conclusions 
concerning  corrosion  resistance  of  aluminum  alloys,  since  their  has  not  been 
definitized  character  of  develo]ment  of  their  corrosion  in  respect  to  time. 

But  already  on  the  basis  of  available  data,  taking  into  account  data  of  other 
investigations  for  a  more  prolonged  period,  it  is  possible  to  establish,  for 
instance,  pemlsslblo  thicknesses  of  roofS'from  aluminum  alloys  for  separate 
buildings  of  metallurgical  factories,  "nius,  thickness  of  roof  where  its  exploitation 
is  to  extend  for  25  years  may  be  found  frcni  Table  13. 

Table  13.  Permissible  Thicknesses  of  Roofs  from  Aluminum  Alloys  in  mm 


Casting  bed  of 
blast  furnace 

Main  building 
of  open-hearth 
shop 

Rolling  shop 

above  mills 

above  pickling  baths 

2-2.5 

1.2-le5 

1 

0.6-0.7 

0.7-0. 8 

*50%  of  roofing  is  replaced. 

t*..  f„r  ,t..l  roofi^ 


Doing  advantage  in  corroolon  behavior  of  aluniiniun  alloys  over  steel,  there  can 
ever  at  present  oe  realized  significant  economic  effect. 

Thus,  for  instance,  tabulation  of  capita]  expenditures  for  25  years  per  1 
of  exterior  roof  of  an  Industrial  building  made  of  steel  and  aluminum  showed  that 
initial  cost  per  1  m^  of  roof  of  aluminum  was  k0>  higher  than  cost  per  1  of 
steel  roof;  but  after  25  years  cost  per  1  m^  of  aluminum  roof  becomes  6  times 
less  than  cost  of  steel. 

Replacement  of  steel  roof  by  roof  from  aluminum  alloys  may  be  very  effective 
in  already  existing  industrial  buildings. 

Analysis  conducted  Jointly  with  factory  "Zaporozhstal ' "  showed  that  with  total 
replacemenc  of  steel  roof  of  industrial  buildings  of  principal  woritshops  of 
factory  by  roof  of  aluminum  alloys,  cost  of  the  latter  is  completely  recompensed 
depending  upon  degree  of  corrosiveness  of  medium,  in  approximately  3-7  years, 
and  the  economy  thus  obtained,  distributed  evenly  through  whole  period  of  service 
of  aluminum  roof,  will  constitute,  per  factory,  nearly  1  million  rubles  per  year 
at  I960  prices  (Table  14). 

Given  examples  show  just  how  effective  can  be  application  of  aliuninum  alloys  in 
a  whole  seiT.es  of  cases,  thanks  to  extension  of  period  of  service  of  structures  and 
to  lowering  of  operating  expenditures.  Here  we  did  not  consider  economy  realized 
through  decrease  of  weight  of  structures. 

With  lowering  of  cost  of  aluminum,  effect  from  its  application  in  our  country 
will  grow. 


4,  Conclusions 

Results  given  In  present  article  of  first  year  of  corrosion  tests  allow  us  to 
make  following,  preliminary  conclusions. 

1.  Magnitude  of  corrosion  losses  of  sheets  from  aluminum  alloys  AMts-M,  AMg6-M, 
ana  Ulo-T,  and  also  disposition  of  alloys  by  corrosion  resistance  in  metallurgical 

factories  are  not  constants,  but  to  large  degree  depend  on  composition  and  character 
of  corrosive  medium  in  separate  places  of  indicated  factories. 


2.  Is  least  corrosion  losses  under  conditions  of  aetaJJ  irgical  factories 
were  for  sheets  frcro  alloy  Di6~T  with  protective  plating  of  altBainum. 

Remaining  alloys  in  order  of  decrease  of  corrosion  losses  were  most  frequently 
disposed  in  following  manner;  D16-T,  AM^3_m  and  AMg6-M. 

3.  Corrosion  resistance  of  alximinum  alloys  in  building  structures  should  be 
estimated  by  losses  of  strength  and  depth  of  penetration  of  corrosion,  dotemined 
by  direct  measurements.  Wei/d^t  losses  due  to  corrosion  for  aluminum  alloys  unlike 
those  of  steel,  are  not  representative  in  this  respect, 

4.  Advantage  of  al\aninuffi  all'  in  corrosicm  resistance  over  8t?el  in  metal~ 
lurgical  factories  is  greater  in  open  atmospheric  conditions  than  inside  indiutrial 
buildings. 

!?.  Structures  frori  alimdnuT;  a-i-lpys  in  the  whole  series  of  corrosive  media  of 
metallurgical  Tactci  les  can  be  quite  long>la8ting  without  any  protectien. 

Thickness  of  roof  of  buildings  of  principal  woricshops  of  metallurgical  factories, 
based  on  its  erplcitacicn  for  no  less  than  25  years,  may  be  taken  as  equal  to 
0.6-C.7  to  2-2.5  depending  upon  corirosiveness  of  industrial  conditions, 

6,  Application  of  alvnninum  alloys  in  roofs  of  buildings  of  metallxirgical 
factories  is  at  present  already  econanically  profitable,  because  of  extension  of 
period  of  servl^ce  of  roof  and  lowering  of  operating  expenditures, 

7.  For  final  conclusions  concerning  corrosion  resistance  of  investigated 
aluminum  alloys  it  is  necessary  to  obtain  results  of  corrosion  testa  after  long 
period  of  time  (3-5  years). 
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4)  stresses  obey  identical  dependence  both  during  tension  and  coojpressian, 
i))  stresses  grow  monotonically; 

6)  tangential  stresses  are  not  considered; 

7)  axis  of  bean  does  not  twist. 

Weiiihold,  for  construction  of  tables  not  depending  on  yield  points  of  different 
grades  of  aluminun  alloys,  uses  following  dinensionless  parameters. 

Relative  stress 
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(  “  yield  point) 

specific  conditional  elongation 


Relative  critical  stress 


Relative  flexibility 

where  is  determined  fron  expressioti 
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Hence  X  ^ 


Relative  curvature 

where  t  -  specific  elcwigationj 
h  -  height  of  section; 
p  ~  radius  of  curvature ; 
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Relative  edge  compressing  bend  stress 

M  I 

Here  W(}  -  moment  of  resistance  of  section  for  outer  compressed  fiber. 

Relative  compressing  stresses  and  a'  can  be  expressed  as  functions  of  * 
and  : 

-  /i(*.  O; 

“  ft  (*•  */)  • 

After  exclusion  of  ~tt  from  the  latter  of  two  equations,  which  Is  done  graphic¬ 
ally,  there  is  obtained  expression  for  so-called  basic  curves 

(1) 

Here  is  considered  as  parameter. 

For  aluminum  alloys,  primary  diagram  of  which  does  not  have  yield  points, 
condHlonal  yield  point  is  taken  equal  to  stress  corresponding  to  relative  pemanent 
set  at  0.2  %,  Limit  of  proportionality  is  taken  by  Wsinhold,  with  allcs«mce  for 
all  aluminum  alloys  equal  to  >=  O.Sa^. 

In  elastic  region,  where  m  apply  Hooke's  law,  i.e.,  when 

- 

<J  <  0,«  .  «  =  —  ^-.—0  =  0. 

•t  • 

For  elastic-plaatic  region  (3>0,5)  there  is  taken  following  analytic  expression 
(with  transfer  beginning  of  coordinates  ♦  o  point  «=0,5) 

0  —  0,  =  0.70029 --  0.51718c''"  +  0.02 1 8c — 0,29322c  ^  \- 


-{■  0.08831c' 
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(2) 


Hero  — 


3^  and  -  correspond  to  limit  of  proportionality. 

At  «— «»,  3-*.  1.20029. 

Values  of  calculated  by  formula  (2),  are  given  in  Table  1. 

Subsequently,  Weinhold  applied  approxiaate  graphoanalytical  method  of  Roeh- 
Brunner,  based  on  replacement  of  form  of  distortion  of  beam  by  half-^ve  of  sinusoid 
and  fulfillment  of  conditions  of  equilibrium  of  external  and  internal  forces  in 
middle  section.  Here  there  was  used  equition  (l),  which  at  given  a,  establishes 


dependence  between  moroent  of  internal  forces  (or  of  magnitude  proportional  to  it 


and  curvature  axis. 


As  a  result,  for  certain  types  of  sections  there  were  CGnif)Csed  tables,  and 

—  N 

graphs  were  drawn  for  average  relative  critical  stress  <r  depending 

upon  relative  flexibility!  -1/ -  and  on  relative  eccentricity /n  where 

«  f  t 

a  -  absolute  eccentricity. 


Table  1.  Values  of  a  by  Formula  (2) 
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s 

8 

1 

9 

J-*"C 

2 

1.0829 

3.6 

1,177 

0.5 

2.1 

1,0945 

3.7 

1,1792 

0.5921 

2.2 

1.1048 

3.8 

1,1812 

0,6702 

2.3 

1.1141 

3.9 
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0.7362 

2.4 

1.1225 

4 

1,1847 

0.7927 

2.5 

1.13 

4.1 

1,1862 

0,6412 

2.6 

1.1368 

4.2 

1,1875 

0,8826 

2.7 

1.1428 

4.3 

1,1887 

0,9183 

2.8 

1,1483 

4.4 

1,1898 

0.9494 

0.9763 

2.9 

3 

1.1533 

1,1578 

4.5 

4.6 

1,1908 

I. 1917 

1 

3.1 

1.1618 

4.7 

1,1925 

1.021 

3.2 

1.1655 

4.8 

1.1932 

1 .0393 

3.3 

1.1689 

4.9 

1.1939 

1.0554 

3,4 

1.1719 

5 

1,1945 

1.0699 

3.5 

1.1746 

00 

1,2003 

By  Weinhold  there  were  obtained  tables  and  graphs  for  idealized  profile  frcn 


two  strips  (without’  web),  ''or  rectangular  section,  and  for  tee  section  composed 


oi  two  equally  -  bent  angles.  In  last  case  there  are  considered  eccentricities 


both  on  flange  side  and  also  on  feather^side. 


In  SN  113-60  there  are  added  tables  for  I-beam  sections  with  eccentricity  in 


plane  of  web  plate  or  normal  to  it.  For  first  case  values  of  ?  were  obtained 
as  partial  sum  of  values  of  ?  for  rectangular  section  and  idealized  profile. 

For  second  case  -wilues  of  in  are  multiplied  by  coefficient  (inNiTU  121-35) 

>1  -  0,775  j  0.00151  -h.r.  20  - 

By  tnus  modified  values  of  m  from  Weinhold  table  for  rectangULlar  secticr.  there 


were  obtained  sought  values  of  T 

Here  for  all  alloys  there  mean  value  1.  was  taken,  correspOTiding  to  alloy 


AV-Tl  for  which 


=  0.775  1  0.0015  nj/"  A  o,775  j  0.086  X. 

Of  interest  is  comparison  of  values  of  coefficients  of  <p.  calculated  by  the 
formulas  and  tables  of  SN  113-60,  with  reculta  of  calculation  for  outer  yield,  for 


instance,  by  the  Keinhold  formula  1 3],  which  is  reduced  to  following  form: 

I 


0  -|  am 


« 

I-  - 


(3) 


where  a^  ^  -Euler  stress. 
Hence 


We  shall  make  comparison  at  m  =  1,  Results  of  comparison  for  rectangular 
sections  are  given  in  Table  2. 

Table  2.  Values  of  in  SN  113-60  and  of  a  by  Formula  (4)  at  m  =  1 


c.« 
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0,8 

t 

l.I 

^  1.4 

2 

2  4 

26 

9  t,ec 

O.fiSS 

1 

1 

0.582 

o 

iO 

1 

1 

0.345 

0.291 

0.181 

0.137 

1 

j  0.12 

3** 

0.5 

0.458 

0,422 

0.352 

0.34 

1 

o 

i 

0.19  j 

0  !4I 

0.128 

T 

3 

1.37 

1 

1.26 

1.16 

1.08 

1,02 

; 

0,% 

0,95 

0.9.3 

♦In  SN  113-60. 

*♦  Ey  fonnuU  (4). 

Thus,  calculation  of  fiber  yield  (4)  with  low  flexibilities  gives  excessive 
reserve,  with  hi^  -  there  is  no  reserve  for  deflection.  For  other  types  of 
sections  deflection  without  reserve  (at  m  =  1)  laay  be  greater. 

In  case  of  change  of  bending  luoi.ent  through  length  of  beam  calculated  moment 
is  determined  just  as  per  NiTU  121-55  (1],  with  the  exception  of  beaxos  with  hinge- 
supported  emls,  for  which  there  are  given  more  exact  forsiulaa,  obtained  on 
the  basis  of  worits  of  Ellis  [6],  Oalamboa  and  Ketter  [7], 


b)  Bend-Twist  Fora  of  Buckling 

Absence  of  theoretical  and  experimental  materials  for  fcundaticn  of  methods 


of  check  of  strength  of  eccentrically-  coripressed  beams  frcm  aluminum  alloys,  vrtth 
respect  to  bend-twist  form  of  buckling,  compels  us  to  use  formulas  given  in 
technical  specs  on  designing  of  stool  structures  [IJ: 

-  n  ■  • 

f<fyA  I  I  am, 

where  m,  -  relative  eccentricity 

if  -  flexibility,  at  which  in  case  of  axial  compression  critical  stress  is 
equal  to  limit  of  proportionality,  is  determined  by  the  fomula 


X 


f 


(5) 


Values  of  coefficient  ?  —  at  a  >  X  and  of  flexibility  depend  on 
mechanical  characteristics  of  material. 

For  considered  alloys,  with  the  exception  of  /-TI  and  AD33-T1,  limit  of 
proportionality  is  taken  equal  to 

3 


Then 


i02— !::r 


Here  7,  is  piveii  in  t/cm^. 

Values  of  4,  COT  responding  to  flexibilities  are  determined  by  table  of 
loneitrdinal  bend.  Tne  biggest  values  of  coefficient  c  at  X,  >  if.  corresponding 
to  bucklii’.r;  in  elastic  region,  are  calculated  by  the  formula  of  theory  of  thin- 
webbed  beams  [8],  which  in  case  of  section  with  two  axes  of  symmetry  may  be  reduced 
to  form 


it) 


If  .m  disregard  member  ^  .  then  equation  (6)  changes  to  equation  of  Timoshenko  [9]: 

rJ- 

,  A'  .V  X'  , 

-  I  t  '  *  • 

\  .M,  >  A  , 


(7) 


Here  Hq  -  critical  mcment  during  bond  only; 

Ny  -  Euler  force; 

-  critical  force  during  purely  twisting  form  of  bucklin?. 


Equation  (7)  may  be  written  in  the  following  form: 


where 


r*yv* 

f  f 

Ml 


a  - 


(8) 


Taking  mean  value  -  j  =  0.25,  we  obtain 

2Wi 


In  Table  27  of  SN  113-60  there  are  given  values  of  coefficients  •  calculated 

"y 

by  formulas  (9)  and  (8)  at  —  froo  0,1  to  1. 

bh 

In  Table  24  of  NiTU  121-55  [1]  there  are  given  values  of  c  at  mean  value 
3  =  1,7  — .which  corresponds  to  —  =0,615. 

A  AA 

Normative  resistances  of  alloys  AV-Tl  and  AD33  -T1  are  lower  than  limits  of 
proportionality.  On  this  basis  it  is  possible  to  Ignore  influence  of  transition  of 
stresses  beyond  the  limits  of  proportionality  and  to  determine  coefficient  c 
according  to  elastic  stage  of  work,  i.e.,  according  to  the  table  of  naxisin 
values  (table  27  SN  113-60). 

For  beams  of  closed  section,  continuous  either  with  planks  or  lattices,  it  is 
possible  to  disregard  torsion  and  to  take  in  formula  (20)  [1]  a  ®  0.7  for  all 
alloys,  with  the  exception  of  AV-Tl  and  AD33-T1. 

For  alloys  AV-Tl  and  AD33-T1  wo  may  disregard  check  of  plane  of  mosMfnt, 
taking  c  “  1. 

In  case  of  change  of  bending  mooent  through  l«igth  of  beam  in  SN  113-60  there 
are  kept  recoenendations  of  NiTU  121-55,  but  calculated  moment  ie  taken  as  no^ 
less  than  half  of  the  biggest  rncment  through  length  of  beam.  This  limltatian  ie 
introduced  on  the  basis  of  works  of  Campus  and  Kasaonnet  [10]. 


2.  Axial  Comm  ssion 


Owing  to  inevitable  accidental  eccentricitiea  and  initial  diatortiona, 
centrally  compresaed  beama  are  eaentially  coapreaaion  -  bent  beama.  Therefore, 
coefficients  of  longitudinal  bend  are  calculated  just  as  for  eccentrically  compressed 
beams.  However,  calculated  load  must  also  not  exceed  the  Euler  value,  divided 
into  additional  safety  factor,  taken  by  ua  as  equal  to  1.3.  Second  check  is 
conclusive  idth  high  flexibilities,  when  influence  of  eccentiicity  decreases. 

Magnitudes  of  relative  accidental  eccentricities  are  taken  according  to  French, 
English,  and  American  data;  for  mild  alloys  AMts-i4  and  aMg-W  m  -  0,(j{j75  X  for 
renaining  alloys  m  '  0.003  X  where  \  -  the  highest  flexibility  of  beam. 

Calculation  of  coefficients  was  performed  with  help  of  above  mentioned 
tables  of  for  rectangular  section,  and  for  alloys  AMg,  AV-Tl,  and  D16-T  - 

ai  iO  for  tee  section  with  eccentricity  on  feather  side.  Results  of  calculations 
are  given  in  Tables  3  and  4  and  in  Fig.  i*  and  2. 

Divergences  in  magnitude  of  coefficients  ?.  calculated  for  two  types  of 
sections  (Fig.  i),  do  not  exceed  8%,  On  this  basis  for  all  types  of  sections 
there  are  taken  coefficients  ?>  calculated  for  rectangular  sections,  especially 
as  they  occupy  intermoaiate  positions  between  values  of  f  of  different  types  of 
sections. 

With  relatively  high  flexibilities  check  is  conclusive  without  calculation 
of  accidental  eccentricities  (due  to  Euler  force).  With  safety  factor,  with 
respect  to  Euler  force,  equal  to  i.e.,  coefficient  of  longitudinal  beru  is 

<p  - - . - .  ^  ivj 

X’«r 

In  Table  5  there  are  given  values  of  '  Calculated  by  formviia  (lo). 

\.ilue3  of  coef  icients  f-  calculated  by  fcreula  (IC)  for  alloys  AMts-M  and  AMg-M 

I'-O.  are  gref '  cr  than  values  determined  with  respect  tc  accidental  eccentric- 
1  t-ies. 

*In  Fig,  1  upper  curves  (each  pair)  pertain  tc  rectangular  sections;  lower  - 
tc  tee. 


Table  3.  Values  of  X  ,  Ki for  Rectangular  and  Tee  Sections  of  Alloys  AMg,  AV-Tl,  and  D16>-T 
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Fig.  1.  Calculaticai  of  Fig.  2,  Calculation  of 

coefficient  ?  for  alloys  coefficient  ?  for  alloys 

AMg-M,  AV-Tl,  and  D16-T,  AMts^,  AV-T,  and  AMg6-M. 


Table  5.  Values  of  (p  by  Formula  (10) 
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KEY :  (a )  Alloys . 


At  X  =  130  for  AMts-M  =  0.395  >  0.27, 

1 ,3 

for  AMg-M  =  0.295  >  0.235. 

By  Figo.  1  and  2  there  are  determined  coefficients  f,  corresponding  to  whole 

values  of  A 


3.  Overall  Strength  beams 

Method  of  check  of  strength  of  beams  is  the  same  as  for  steel  beams  (1].  Values 
of  coefficients  'P  for  beams  of  steel  given  in  Table  9  of  appendix  IV  fl],  are  calcu- 
latea  by  the  formulas  and  tables  of  S.  P,  Timoshenko  [11 j  at  E  -  2100  t/cm^  and  o,  - 
t/cm^.  Critical  stresses  are  directly  proportional  to  modulus  of  longitudinal 
elasticity,  but  values  of  coeiiicients  4^  furthennore,  are  reciprocals  of  yield  point. 


Values  of  i{».  given  for  alloy  D16-T,  elaatic  modulus  of  which  E  '  700  t/cm^ 

and  conditional  yield  point  3,  -  3.1  t/co'^,  were  obtained  by  multi plir^ticsi  of 

values  of  coefficients  >  for  steel  by  7®^  x  =  0.258. 

2100  •  <  I 

For  other  aluminum  alloys  values  of  .j,  are  reciprocal  to  calculated  resistances 

Ratio  of  shear  modulus  to  modulus  of  longitudinal  elasticity  for  steel  is 

_ L -  0.385. 

E  2(1  4  0.3) 

For  aluminum  alloys  ratio  ,nay  be  taken  equal  to  0.375  [12]. 

owing  to  insignificant  difference  of  ratios  SL  we  take  formula  for  calculation 


of  parameter  a  the  same  as  for  steel 

Stress,  with  respect  to  passage  beyond  the  limits  of  proportionality  (oi)  is 
detemined  from  expression  analogous  to  fonaula  of  Yasinskiy  [13]: 


(11 


—  a  —  6 


V 


f  Eij 


(12 


Here  <r  -  stress  calculated  without  regard  for  influerce  of  passage  beycmd  the  limit 
of  proportionality. 

Satisfying  conditions 


we  obtain 


(13 


Hence  coefficient  of  decrease  of  modulus  of  longitudinal  elasticity  during 
passage  beyond  the  limits  of  proportionality 

oj  (1.21  — ai)*3i 

Loss  of  strength  of  plane  deformation  of  beams  occurs  under  conditions  of 
complex  load:  to  bend  in  plane  of  the  highest  rigidity  there  are  applied  bend 
and  torsion  In  plane  of  least  rigidity.  As  experiments  showed  with  samples  from 
aluminum  alloys  [14],  shear  modulus  at  Initial  mcment  of  twist  has  the  same 


(14 


value  as  in  elastic  region. 


If  on  this  basis  ws  take  shear  modulus  as  constant^  then  correction  factor 


applied  to  magnitude  of  critical  stress  during  passage  beyond  the  limits  of 


proportionality  wi'l  be  equal  to 


Substituting  in  equation  (15)  expression  (1a)  and  u,  ^  Oo,  after  transformations 


we  obtain 


(1 .2Ia*  f  0.093)  -  1^(1 .213*  i  0.093)*  -  1.464  o* 


3y  formula  (16)  there  were  calculated  values  of  0  and?^^-  given  in  SN 

113-60.  Since  for  alloy  AVT-1  and  AD33-T1  limit  of  proportionality  is  near  yield 
point,  correction  for  passage  beyond  the  limits  of  proportionality  for  them  is 
not  applied. 

Table  of  the  biggest  ratios  at  which  no  check  is  required  of  strength 

b 

of  beams,  was  composed  more  specifically  than  corresponding  table  in  NiTU  lP,l-55. 
This  allows  us  to  make  more  beams,  th«>t  do  not  require  check  of  strength. 


4.  Check  of  Strength  of  Web  Plates  in  Beams 
Method  of  check  of  strength  of  web  plates  in  beams  from  light  alloys  in 
principle  does  not  differ  from  method  presented  in  literature  for  strength  of 
plates  [15]  in  reference  to  steel  beams.  At  the  same  time,  this  method  differs 
from  method  recommended  in  NiTU  121-55,  which  is  explained  by  certain  peculiarities 


of  stress-strain  diagram  in  light  alloys. 


It  is  known  that  in  majority  of  light  alloys  limit  of  proportionality  <^p  con- 

smaller 

stitutes  significantly/share  of  conditional  yield  point  ^t,  than  in  steel.  Thus, 
according  to  VIAM,  [All-Union  Scientific  Research  Institute  of  Aviation  Materials] 
for  AMg'^  ratir*  constitutes  from  0.45  (profile)  to  0.71  (sheet).  The  same  ratio 
for  steel  (St  3)  varies  from  0.85  to  0.9.  It  follows  from  this  that  in  beams  from 


light  alloys  check  of  strength  should  be  made  on  the  basis  of  real  and  not  idealized 
diagi'am,  taken  during  composition  of  corresponding  section  of  "Technical  Specs  of 
Designing  of  Steel  Structures"  (NiTU  121-55). 


I 


For  appraisal  of  influen^:®  of  passage 
of  stresses  beyond  the  limits  cf  jn^oportion- 
allty  in  beans  fran  light  alloys  there  were 
used  results  of  general  Il’yushin  -  Stouell 
theory  1 16]  for  plates  evenly  ccnipressed 
in  one  diraction.  In  case  of  freely 


where  Eg, 


Fig.  3.  Curves 
of  d  for  alloys 
AKg6  and  l!l6-iT. 
KEY:  (a)  Accord¬ 
ing  to  equation 
(19);  (b)  D16A-TJ 
(c)  AMg6-T. 


supported,  infinitely  long  plate  coefficient 
of  decrease  of  critical  stress  with  respect 
to  limitless  elastic  plate  is  equal  to 


E^,  £  -  are  respectively  secant,  tangential  modulus,  and  modulus  of 


longitudinal  elasticity. 


For  infinitely  long  plate  with  fixed  sides 


»j--|^(o.352  + 0.648  j/  ±  +  A  .  )  .  (18) 

For  plate  with  elastically  pinched  edges  it  is  possible  to  take  partial  sum  of 
expressions  (17)  and  (18): 


On  graph  (Fig.  3)  there  are  given  curves  of  d,  plotted  alloys  AMg6  (sheet) 
and  D16-AT,  according  to  VIAM.  Here  there  is  also  plotted  curve  based  on  equation 

» -  —  [2  +  97(1  -a)J  I.  (19) 

A  w 

where  a  ~olo^  _  "dimensionless”  stress.  Formula  (19)  is  recomnended  to  be  applied 
in  practical  calculations  for  all  alloys,  besides  AV-Tl  and  AD33“'ri,  of  which  we 
shall  speak  belcw.  Values  of  d,  taken  in  SN  113-60  (Table  36)  were  calculated  by 
the  formula  (19). 

For  tmnsition  frcm  uniform  conpressicm  to  biaxial  state  of  strain  there  is 
made  provision:  instead  of  magnitude  a  to  calculate  dimensionless  intensity  of 
stresses  a,  ==  3/3,  at  certain  internal  point  of  ccmpressed  sore.  Suck  point  in 
the  absence  of  longitudinal  rib  is  taken  at  distance  of  2/3  of  height  of  compressed 


zone  from  neutral  axis, 

•  (20) 

Here  a  -  calculated  marginal  normal  stress,  t  -  calculated  average  tangential 
stress,  but  instead  of  o,  we  substitute  calculated  resistance  R. 

In  the  presence  of  longitudinal  rib  at  distance  b^^  from  calculated  conpressed 
margin  of  web  plate  o,  is  calculated  at  center  of  plate,  located  between  rib 
and  indicated  margin 


(21) 


where  hQ  >  calculated  height  of  web  plate « 

Values  of  o7>l  are  considered  Impermissible  in  view  of  excessive  development 
of  plastic  flows  in  web  plate. 

Let  us  assiame  that  within  limits  of  elasticity,  check  of  strength  is  reduced 
to  inequality 


(22) 


Here  -  uniform  function  of  first  degree; 

0.  >  calculated  normal  stress,  perpendicular  to  axis  of  beam; 

Oo.  '^iio-  'o  „  critical  values  of  one  of  stresses  o,  and  in  the  absence  of  other 


two; 

m  -  coefficient,  considering  influence  of  initial  distortion  of  web  plate 
(in  jib  beams  m  =  0.9;  in  other  beams  m  =  1). 

If  one  were  to  assume  proportional  growth  of  all  canponents  of  state  of  strain, 
then  quality  I/O  constitutes  safety  factor.  During  transition  beyond  the  limits 
of  elasticity  (  a,  >2/3)  we  make  assxnnption  that  true  safety  factor  decreases  in 


ratio  i> ;  1,  where  ft  is  by  formula  (19)  as  function  of  a^.  Check  of  strength  takes 


form 


(23) 


In  certain  cases,  for  instance  during  check  of  web  plate  strenghtened  by 
longitudinal  stiffener,  function  O  is  nonuniform  polyncniial;  however,  members  of 


polynomial  disturbin/^  h(»iio>»,eneity  are  amall  compared  to  other  members,  therefore , 
condition  (23)  vdth  certain  degree  of  approximation  may  be  used. 

In  alloys  AV-Tl  and  AI)3i-Ti  there  is  taken  Icwered  value  of  normative  resistance 
as  a  result  of  which  these  materials  are  used  only  within  limits  of  elasticity, 
and  for  them  one  should  always  take  i)  .  l. 

For  web  plates  strengthened  <Mily  by  transverse  stiffeners: 


As  compared  to  formula  (34)  frcmNiTU  121 '55,  here  under  radical  ther-e  is 
emitted  member 

1 

6  V* 

comparatively  little  affecting  restilts. 

Web  plate  is  considered  elastically  pinched  at  webs  and  values  Oq.  % 
differ  from  corresponding  magnitudes  for  steel  web  plates  only  by  factor  of  1/3, 
equal  to  ratio  of  elastic  moduli  of  aluminum  alloys  and  steel; 

In  case  of  web  plate  strengthened  by  longitudinal  stiffener,  during  check  of 
first  plate  (between  compressed  web  and  rib)  there  is  taken 

4>  -1-  H  4  (— )*•  (25) 

Expressions  for  ^oi.  are  somewhat  definitised,  as  conpared  to  formulas  (43), 

(44)  from  NiTU  121-55. 

Formula  for  calculati(xj  of  second  plate  (between  rib  and  stretched  flange) 
remained  the  same  as  in  WiTU  121-55). 

Considerably  more  precise  definition  is  introduced  in  method  of  determination 
of  necessary  mcment  of  inertia  of  longitudinal  rib.  It  consists  in  differentation 
of  coefficients  and  in  formula 

(a  -  distance  between  transv^.'se  ribs;  J-  thickness  of  web  plate,  which  leads  tc 

decrease  of  J  with  increase  of  b^^A.Q  (bj^  “  distance  frem  compressed  edge  of  web 
plate  to  rib). 


Literature 


1.  Norms  Ui'-d  technical  specs  of  designing  of  steel  structures  (  NiTU  121-5 i>). 

2.  K.  Jezek*  Festigkeit  von  Druckstaben  aus  Stahl,  Wien,  1V37,  Springer, 
Verlag. 


3.  I.  Weinhold.  Die  Biegeknickspannungen  analog  LIN  4114  im  Nomenvorschlag 
3«ichtmetall  im  Hochbau, "  Aluminum,  1953,  H,  6,  lAisseldorf, 

U.  I.  Weinhold,  Tragspannungen  von  Druckoiegestifben  aus  Aluminum,  Aluminum 
H.  3,  I^sseldorf, 

5.  J.  Reiniiold.  Ftude  et  calcul  des  structures  en  alliages  lagers,  Riris 
et  Liere,  Librairie  poll  technique  Ch.  Beranger,  1955. 

'1.  J.  S.  Ellis.  Elastic  Behaviour  of  Compression  Members,  .J.  Mech.  and 
Physics  of  Solids,  vol.  6,  No.  4,  1958. 

7.  T.  Galambos,  and  R.  Ketter.  Columns  Uiuler  Ccmbined  Bending  and  Thrust, 
"Joum.  of  the  Engineex*ing  Mech.  Divisicm  Proe.  of  the  Amer.  Soc.  of  Civ.  Engrs, " 
fart  I,  April  1959. 

8.  V.  Z.  Vlasov.  Thin-walled  e.lastic  beaais  Gosstroyizdat,  1940. 

9.  S.  P.  Timoshenko.  On  strength  of  elastic  systems,  Kiev,  1910. 

10.  F.  Campus  and  C.  Massonnet.  Recherches  sur  le  flambement  des  colonnes 
en  acier  A37  a  profil  en  double  Te''  soilicitees  obliquement,  Ccmptes  Rendus  de 
Recherches,  Bruxelles,  17,  Avril,  1956. 

11.  S.  P.  Timoshenko.  Stability  of  elastic  systems.  State  Technical  Press, 
l^AL. 

12.  K.  Sutter  Die  Anpassung  der  allgemeinen  KMckformoln  an  die  Berec^inung 
von  Aluminum  Bsuteilen,  Aluminum,  1955,  H.  4,  5,  Dusseldorf, 

Ij.  F.  S.  Taeinskiy.  On  resistance  to  longitudinal  bend.  Collection  of 
j^nsoitute  of  Ccanunications  Engineers,  issue  XXVI,  Petersburg,  l'i94. 

14.  F.  Stussi.  Die, Grundlagen  der  materoatischen  Plastizitatstheorie  and 
Versuch,  "Zeitschrift  f\fr  angcwandto  Mathematik  and  Fhysik,"  vol.  1,  Fasc.  4,  iS5C. 

15.  B,  V.  hroude.  Limiting  states  cf  steel  bear^,  Gosstrcyisdat,  1953. 

10.  F,.  Stouoii.  Collection  of  translations,  'Mechanics"  No.  2,  State  Technical 
and  Tneoretical  Press,  1952. 

17.  Technical  specs  of  designing  of  structures  fran  alvmdnun  alloys  (SN  113-60), 
Gosstroyirdat,  1961. 


KXF}-:RI>T.NTA!,  INVI-ISTIGATION  of  local  strength  of  AIJfUJIiiR 

FROFII£S  from  ALLOY  D16-T 

A.  G.  Immerman  Cand.  of  Tech,  Eciencee  and  V,  S.  Moskvitin,  Fjv?ineer 

Econcitiy  of  profiles  in  significant  degree  depends  on  relaticnahipe  of 
dimensions  of  their  sides  and  thicknesses;  the  higher  it  is  the  thinner  the  flange 
can  be  made  of  elements  working  under  coapression  and  wall  of  elements  working 
against  bond.  Magnitude  of  limiting  ratio  of  width  of  wall  or  flange  to  thickness 
is  aetenninej  by  local  strength.  In  spite  of  available  investigations  in  this 
field,  both  in  this  country  and  abroad  fully  reliable  reccranendations  for  5ele''ti:,r. 
of  this  magnitude  are  lacking,  especially  if  we  have  in  mind  big  profiles  fror. 
aluminum  alloys  for  building  parts. 

In  connection  with  this  there  was  undertaken  experimental  investigation  of 
local  strength,  results  of  which  are  used  during  developoent  of  assortment  of 
profiles  and  have  to  be  considered  during  designing  of  profiles  for  special 

Investigation  of  sti*ength  of  angular  profiles  frcu  alloy  j16-T  had  to  give 
us  possibility  of  more  exact  determination  of  dependence  of  critical  stresses 
of  local  strength  on  ratio  of  width  of  flange  to  its  thickness,  to  give  us  dependence 
between  these  ratios  and  flexibility  of  beams  i.e.,  to  establish  connection  between 
t.tal  and  local  strength  to  reveal  influence  of  reinforcecants  of  flanges  of 
angles  with  thickenings  (beads)  on  local  str«xgth  of  flanges,  and  to  detemine  the 
most  ex^Tedient  dimensions  and  fora  of  these  beads. 


For  solution  of*  these  problems  there  were  conducted  three  series  of  experiments, 
not  countinr  preliminary  series,  which  allowed  us  to  establish  optimum  dimensions 
of  samples.  For  obtaining:  by  experimental  means  of  dependence  of  critical  stresses 
of  local  strength  of  equilateral  angles  without  beads  on  ratio  of  width  of  flange 
to  its  thickness  there  were  tested  samples  of  first  series. 

In  second  series  there  were  investij?atad  samples  with  beads. 

In  third  series  wo  examined  unequilatoral  angles  without  beads,  with  one  bead 
on  wide  flange,  and  with  beads  on  both  flanges. 

1.  Material  and  Samples 

In  planning  of  investigation  for  tests  there  were  required  samples  of  various 
form  and  dimensions.  To  prepare  them  in  appropriate  factory  by  usual  method  - 
pressing  -  turned  out  to  be  difficult  for  organizational  reasons. 

Because  of  this,  samples  were  prepared  by  means  of  machining  on  planing  and 
milling  machines  for  large  profiles  from  alloy  D16-T  -  angle  120  X  120  X  10  nm  and 
angle  65  X  65  X  10  mm,  which  had  characteristics: 


ultimate  strength  .  4880  kg/cin^ 

conditional  yield  point  3770  kg/cn^ 

specific  elongation  t  .  12.6  % 

modulus  of  longitudinal  elasticity  E . 71V, 000  kg/cm^ 

specific  gravity  y . 2.79  g/or^ 


According  to  analysis,  checdcal  ccr.pcsition  of  alloy  turned  out  to  be  the 
following  (in  t):  copper  3.93,  magnesium  1.1,  manganese  0.61;  impurities  of 
silicon  0.5,  the  remainder  alusrdnum;  alloying  additions  and  impurity  of  silicon  - 
within  limits  of  norm,  according  to  All-  Union  Government  btandard  4784-49. 

For  appraisal  of  influence  of  treatment  on  mechanical  properties  of  nateriai 
there  were  tested  standard  samples  taken  directly  frcic  prepared  profiles.  TTiese 
tests  confiroed  corplete  invariability  of  magnitudes  of  conditional  yield  point 
and  ultimate  strength  fixed  for  initial  profile. 


In  first  seriej  we  tested  23  equilateral  angles  with  ratio  bj^  from  U  to  33; 
maximum  dimension  of  angle  -  120  X  120  lan. 

Samples  of  second  series  of  experiments  are  shown  In  Fig.  J,  Here,  along  with 
angles  No.  101,  having  trapezoidal  beads  with  thickness  3  ft  and  radii  of  curvature 
between  flanges  equal  to  2ft  we  tested  profiles  of  assortment  of  British  Axuininurn 
Company  (No.  103)  with  beads  with  thickness  also  of  2ft  and  also  two  angles  with  round 
beads  of  different  dimensions  (36  and  2.46  -  Nos.  102  and  )U4);  for  comparison, 
one  of  angles  was  without  beads. 

All  these  angles  had  identical  thickness  ft  and  calculated  width  of  flange, 
measured  from  internal  face  of  flange  to  center  of  bead,  but  in  one  case  (No.  103)  - 


frcm  center  of  bead  to  center  of  well-<leveloped  angle  bracket. 

After  expediency  was  formed  of  application  of  trapezoidal  bead,  in  given  series 
there  was  tested  still  another  series  of  samples  with  such  beads  at  different  values 
of  ratio6,M  frxa  10  to  25.  Total  n\imber  of  samples  in  this  series  constituted  18. 

Third  series  constituted  of  22  samples.  Of  than  there  were  unequilateral  angles 
without  beads  -  10  pieces,  those  wita  two  beals  -  8  pieces,  with  one  bead  -  4  pieces. 
Ratio  of  dimensions  of  sides  was  2  :  3.  Ratio  <>,  *  was  taken  in  limits  from  7  to  25. 
Each  fora  of  sample  in  all  cases  was  prepared  ii,  two  copies.  Length  of  all 


samples  on  the  basis  of  preliminary  experiments  was  taken  fren  such  calculation  that 


flexibility  \  was  equal 
to  25.  Since  for  equi¬ 
lateral  angles  without 
beads  -  0.19'/  b^ 

their  length  1  -  5bp  ; 


_  .  « - i  ^  .  $6 

/Wfj*  /.44j  >*>06  f>>T9 

fig.  i.  Profiles  of  angles  of  second 
of  experiments. 


for  angles  with  beads 
-  0.234bn  and 
Laigth  1  bbp 

In  all,  more  than 
series  (jC  samples  were  tested. 


2.  Method  of  Carrying  out  Kxperlflients 

All  experijnenta  were  conducted*  on  Amaler  200  ton  press.  Knds  of  samples 
vfere  exactly  perpendicular  to  longitudinal  axis,  polished,  and  well  fitted  to 
bearing  discs  of  press.  For  control  of  centering  and  for  estabiiahmant  of  critical 
force,  to  all  samples  there  were  glued  electrical  resista.nce  detectors,  readings 
of  which  were  recorded  by  electr«iic  strain  meter  built  by  Central 

Scientific  Research  Institute  of  Aerohydrodynamics  im.  N.  Ye.  Zhukovskiy. 

Letectors  were  disposed  in  the  middle  of  heignt  of  sample  on  each  flange  on  both 
sides  on  feather  or  on  bead  and  on  back  edge.  For  measurement  cf  ioripidutinaJ 
deformation  (convergence  of  bearing  discs)  there  were  applied  in  each  experiment 
three  indicators  *rith  divisions  of  1/100  ixn. 

Coiitrol  of  centering  was  carried  out  by  readings  of  aetectors  after  application 
of  small  test  load,  which  was  then  removed.  After  sample  was  finally  set  up,  it 
was  loaded.  Degrees  of  loading  decreased  with  approach  toward  expected  critical 
force.  Before  buckling, and  after  it, (up  to  failure)  degrees  of  loading  constituted 
nearly  3  $  of  critical  force.  Before  each  sta^s  of  load,  sample  was  held  for  3-5 
minutes,  during  which  time  readings  were  taken  frcin  instruments. 

Ultimate  stress  was  determined  by  indication  of  pointer  scale  of  press 
at  ir.ccient  of  ceasing  of  rorther  increase  of  load.  ’»e  took  as  critical  the  force 
at  which  buckling  started  of  flanges  of  angle.  BegimiLng  of  buckling  was  established 
cy  graph  of  dependence  of  defonaiLiohS  of  edge  of  flanges  measured  by  detectors 
on  load.  Before  buckling  this  dep-endexice  for  each  of  Jetectcrs  resiains  rectiiir.enr; 
ac  sccfent  of  buckling  of  flange,  on  'ino  there  appears  cnaracteristic  sharp  break 
or  distartioR.  L«tec’:or,  which  turns  to  be  on  concave,  cofcpressed  side  of 
culgin,g  flange  shr-^,  suosequontly,  rapid  grcwtn  of  deXo^issatioTss,  i4^iie  detector 
on  convex  side,  corversely,  records  advancing  uraQadL*^y?,  and  the^i  scFet-imeo 
extensior  aisu. 


®T.  N.  Livchak,  Junior  scientific 
expericentai  invest igatic»\. 


worker  particip  itec 


carm-ini:  rut  cf 


If  on  graph  there  appeared  not  sharp  break,  but  smooth  distortion,  for 

clet**nnination  of  critical  force  w*  used  method  similar  to  that  which  is  f;iven  in 

Ail-Union  Government  dtanaanl  11*97-411  for  establishment  of  limit  of  proportionality 
for  tensile  test  of  metals:  as  critical  force  we  took  that  at  which  tari;?ent  of 

angle  of  inclination  of  tangent  to  curve  with  axis  of  loads  was  changed  by 

Usually  scattering  of  values  of  critical  force  from  readings  of  detectors 
of  one  sample  wsJ*  small,  and  in  calculation  mean  value  was  taken.  Control  of 
critical  force  was  carried  out  with  help  of  graphs  of  dependence  of  longitudir.ai 
deformation  on  load,  fixed  by  readings  of  indicators. 

Critical  and  limiting  stresses  3^^  and  were  determined  by  division  of 

corresporvling  forces  into  area  of  section.  Actual  area  cf  section  was  calculated 
according  to  weight  ^f  sample,  its  length,  and  specific  gravity  of  given  alloy. 

Width  of  flanges  was  measured  by  slide  calipers,  thickness  of  flanges  and  bead-  with 
help  of  measuring  plate  and  indicator.  All  measurements  were  taken  in  several  places, 
and  in  calculation  average  magnitudes  were  taken. 

During  carrying  out  of  experiments  there  was  considered  question  of  influence  cr. 
critical  force  of  s'nall  initial  eccentricities  of  application  cf  load,  clof?  to  tncbc 
which  were  considered  during  establishment  of  coefficient  ?  for  cent’-ol  ccmpresjion 
in  Technical  specs  of  designing  structures  from  aluminum  alloys”  (oh  II3-60), 
iimall  irregularity  in  distribution  of  stresses  on  flanges  (wicl';  exceeding 
of  stress  for  free  alge  bcyoivi  stress  on  back  edge)  did  not  renaer  great  influence 
on  magnitude  of  average  critical  stress,  however,  it  was  subsequently  conaidere.;> 
During  test  cf  comer  profiles  under  compression,  aLtscst  ail  samples  suiiered 
ioivd  buckling  cf  flanges,  which  in  fora  coincided  with  band-twist  buckling  of 
Sample  on  the  whole. 

3.  Results  of  Experimental  Investigations 
Results  ol‘  test  of  eq\iiiateral  angles  without  beads,  with  beads  of  trapezo:  la* 
form,  and  alsc  of  unequilateral  ai.gles  are  shevn  in  Fig.  In  the  figure  there 


are  plotted  experiment&l  values  of  critical  stresses,  depending  upon  ratios 
and  ^  and  also  a  number  of  curves  (here; 

^0  f>,  -  0.5  8  for  angles  without  beads, 

*0  ’  8.1  ~  0.5  8  for  angles  with  beads, 
b„  -  full  %ri.dth  of  flange, 

8  -  thickness  of  wall; 

for  unequilateral  angles  as  magnitude  of  bj^  width  was  taken  of  large  side). 

Curve  1  gives  us  functional  dependence  of  on  fto'8  for  equilateral  angles 
without  beads;  it  is  plotted  from  known  formula  [1],  determining  critical  stresses 

for  plates  with  three  hinge  supported  sides  and  a  free  fourth: 

kn*E  (  I 
12(1— g*)  " 

In  this  formula: 


E  -  elastic  modulus; 

-  Poisson's  ratio,  equal  to  0,31; 

;^^0.42+ coefficent  depending  cm  length  of  plate  1; 

a  -  ratio  of  given  mcxlulus  to  usual  one, 

Jn  drawing  of  curve  value  of  k  was  taken  equal  to  0.42,  which  corresponds  to 

plates  of  great  length  (l>l6bQ),  for  which  critical  stresses  have  minimum  values 

and  no  longer  depend  on  length.  In  connection  with  this  during  plotting  of 

experimental  points,  experimental  critical  stresses  wore  taken  as  factors  of 

coefficients  of  k  for  plates  of  great  and  actual  length,  i.e.,  multiplied  by 

0.42 

V  * 

actual 

Coefficient  of  d  in  elastic  region  is  equal  to  one,  and  according  to  this 
value,  by  (l)  there  was  plotted  right  section  of  curve.  For  nor.elastic  region 
it  was  deteniLLnod  approximately  on  the  basis  of  analytic  ccmnection  between  it 
critical  sti€ss  [1]: 


(2) 


which  is  established  with  help  of  so-called  rectilinear  formula  of  critical  stress 
of  total  strength  for  region  between  limit  of  proportionality  Op  and  yield 


point  ®o.2  • 


Fig,  2,  Dependence  of  c»i  ratio  bji  and 
bo  for  angles  from  alloy  DI6-T  (actual  values 
of  80.!  ~  3770  kg/cm2;  E  =  71V,000  kg/cm^) 

1)  curve  for  equilateral  angles  wi.thout  beads; 

2)  curve  for  equilateral  angles  with  beads 
[taking  into  account  formula  (39)  TU  SN  113* 

60;  3)  curve  for  equilateral  angles  with  beads, 
taking  into  account  their  heightened  resistance 
to  torsion 

KEYi  (a)  Equilateral  angles  without  beads;  (b) 
Equilateral  angles  with  beads;  (c)  Uuoquilateral 
angles  without  beads;  (d)  UnequiXateral  angles 
with  beads  on  both  flanges;  («)  Unequilateral 
angles  with  one  bead  on  large  flange. 


(3) 


Coefficients  A 
on  —  from  condition 

i 

and  at 


and  B  were  easy  to  determine  having  curve  of  dependence  Okp 
that  at  o„p  ^  flexibility  is  equal  to  kncwn  m&gjiitude 
flexibility  is  equal  to  . 


Such  curvft  was  plotted  for  alloy  ni6-T,  from  which  there  were  made  samples, 
takin/^  into  account  its  actual  yield  point  and  elastic  modulus  (curve  U  in  Fi^’,  A)* 
Critical  stresses  were  obtained  hero  by  multiplication  of  conditional  yield  point 
ly  coefficients  f  ;  the  latter  for  given  alloy  were  determined  just  as  was  done  in 
TU,  i.e.,  taking  into  account  relative  initial  eccentricity  ej^  ™  0,vX)3  A  . 

Limit  of  proportionality  for  aluminum  alloys  is  usually  taken  equal  to 
O.s  ,  (the  same  ratio  was  also  taken  during  composition  of  fU 

Under  these  conditions  of  values  of  A  and  B  for  alloy  from  which  samples 
were  nade  turned  out  to  be  equal  respectively  to  4700  and  35.5  kg/cm^.  For 
obtaining  of  section  of  curve  beyond  the  limits  of  proportionality  it  was 
practically  sufficient  to  find  with  help  of  formulas  (l)  and  (2)  the  point 
corresponding  to  6o/8  at  —  a„2  and  to  connect  it  with  point  on  curve  at  - 

~  ^*5  \2  (when  «■=!  )j  section  of  calculated  values  of  at  to  5o/*  =  0 
was  taken  as  horizontal  (see  Fig.  2,), 

Curve  of  dependence  of  critical  stresses  on  in  ncnelastic  region  can 
be  plotted  in  the  same  way,  using,  instead  of  rectilinear  foraula  (3)>  formula  of 
square  parabola 

=  (,) 


Value  of  a  in  this  case  is  expressed  by  fonnula 

Section  of  curve  1  plotted  frcm  these  data  in  Fig,  2  is  shown  by  dashed  line. 

In  similar  manner  with  use  of  formula  (1)  there  are  also  plotted  in  Fig.  2 
curves  of  critical  stresses  of  local  strength  for  angles  with  beads.  Curve  2  was 
plotted  according  to  TU  SN  113-60  with  respect  to  maximum  ratio  of  width  of  flange 
with  beads  to  thickness  of  angle  by  formula  (39)  of  TU  SN  113-60: 


b' 


P-f  0,3 


I  +c 


I 


1  .* 

V  ^ 


-A?. 


(6) 


•  '  V  t>  +  2.35Y' 

where  b'  -  width  of  flange  measured  frcm  center  of  bead  to  face  of  adjoining 

flange , 

A  ;  b  ~  maximum  width  of  flange  during  given  critical  stress,  measured  from 


edg®  of  given  flange  to  face  of  that  adjoining  it  in  the  absence  bead; 

-  r-.~  ;  D  -  diameter  of  bead; 

*  I 

k  and  c  -  coefficients  detenidned  by  Tables  41  and  42  of  TU  SN  113-60. 

During  construction  of  curve  2  (Fig.  2)  according  to  known  ratio  6'/*  for 
given  angle  with  bead  from  formula  (6),  we  detemined  6/6*-  then  ^ 
f  onaula  (1)  we  found  corresfxanding  a«p.  which  was  critical  stress  for  angle  with  bead. 
During  construction  of  curve  3  we  used  rough  assumption  that  increase  of 
critical  stress  of  angle  with  beads,  as  compered  to  the  same  magnitude  for  usual 
angle,  is  proportional  to  ratio  of  their  moments  of  inertia  of  free  torsion  ** 

K 

ij  -  -r-'  i.e.,  that  critical  stress  for  angle  with  beads  is 

•'K 

o'«p  =  ««pl.  (7) 

where  <j^p  -  stress  detenoined  by  formula  (1). 

During  computation  of  /'^  sim  was  detennined  of  moments  of  inertia  of  torsion 
of  figures  into  which  section  of  angle  was  approximately  divided:  two  rectangles, 
circle  inscribed  at  place  of  juncture  of  flanges,  and  two  circles,  diameter  of 
vdiich  was  equal  to  width  of  bead  (3iJ. 

With  identical  length  of  samples  and  with  identical  material,  magnitude  of 
o”  is  constant  and  does  not  depend  on  ratio  *o.  this  ensues  from  structure 

of  foraula  (l).  Change  of  this  magnitude  depends  oti  form  of  profile  and  dimensions 
of  bead;  it  can  serve  as  index  of  quality  of  section.  Calculated  values  of 

for  equilateral  angles  with  different  beads,  shewn  in  Fig.  1,  are  given 
in  table .  *** 


*With  trapezoidal  beads  for  L  there  was  taken,  in  accordance  with  given 
experiments,  width  of  beads. 

^Actually,  dependence  between  critical  stresses  for  usual  angles  and  those 
reinforced  by  beads  is  more  ccmplicated;  however,  for  usual  relationshipe . bt  and  * 
the  taken  approximation  gives  satisfactory  result. 


^^During  calculation  of  data  of  table,  we  took  actual  dimensions  of  profiles. 


’I 


hi  Fig.  3  there  are  plotted  experimental  values  of  ratios  o'*  /o"  at 

up  '  lip 

different  b„i>  angles  of  all  three  series. 

We  made  an  attempt  to  compare  limiting  stresses  of  samples  vdth  those  calculated 
by  empirical  formula  of  Needham  [2],  given  by  him  for  bent  angles  with  free  edges 
of  flanges : 


0.3161/ 


(bo  -  distance  from  axis  of  adjoining  flange  to  edge  of  that  considered). 

Formula  gives  us  good  results  for  angles  without  beads  having  flexibility 
close  to  that  for  which  formula  was  obtained  by  the  author  (i  =  20). 

On  the  basis  of  presented  results  it  is  possible  to  establish  the  following. 

1.  There  were  obtained  experimental  values  of  critical  stresses  of  local 
buckling  of  eqvdlateral  angles  without  beads  and  with  beads  for  wide  range  of 
ratios  of  width  of  flange  to  its  thickness.  Values  of  these  stresses  for  angles 
without  beads,  basically,  agree  satisfactorily  with  theoretical  data  on  strength 
cf  plates  in  elastic  and  nonelastic  regions.  Calculated  estimate  of  critical 
stress  of  angles  with  beads  may  be  done  approximately  by  formula  (7).  Critical 
s^-resses  for  these  an^rles,  calculated  according  to  TU  SN  113-60  on  maximuir 
overhang  of  flanges,  are  found  sanevdiat  understated,  as  compared  to  experimental 
%alue3. 

2.  fh^sence  of  beads,  other  things  being  equal,  increases  critical  stress 

of  local  strength,  drawing  it  to  maximum,  correspcmding  to  ultimate  load;  however, 
actual  ultimate  load  measured  during  experiments,  .•’s  compared  to  load  for 


load  for  corresponding  angle  without  beads,  is  changed  Irmaterially.  Thickness 
of  beads  has  meaning:  with  its  decrease,  influence  of  beads  on  increase  of 
critical  stresses  drops.  Good  results  are  obtained  where  beads  have  thickness  of  3. 


KEY:  (a)  Equilateral  angles  without  beads; 

(b)  Equilateral  angles  with  beads;  (c) 
Unequilaterel  angles  without  beads;  (d) 
Unequilateral  angles  with  beads  on  both  flanges 
(e)  Unequilateral  angles  with  one  bead  on 
large  flange. 


3.  The  highest  characteristics  f  section  belong  to  angles  with  trapezoidal 
beads  with  thickness  of  3  5  end  to  angles  with  beads  of  assortoent  of  British 
Aluminum  Ccopany. 

Considering  that  the  first  are  more  convenient  in  a  constructional  sense  (they 
have  large  width  for  pla cement  of  rivets),  they  eh  wild  be  given  preference. 
Furthermore,  angles  with  beads  of  British  AlvBiinuBi  Ccnpany  also  have  large 
ooefficient  of  fullness  of  section  at  identical  thickness  -  saaller  specific 
radius  of  gyration  i  y  f~  this  makes  them  less  econcnical. 

U.  Unequilateral  angles  resist  local  buckling  better  than  equilateral 


4. 


■P 


having  dijnenslon  of  flange  equal  to  dijneneion  of  large  flange  of  unequilateral 
angle  vdth  identical  thickness.  This  can  be  explained  by  the  fact  that  small 
flange  increases  rigidity  of  fastening  of  large  flange  in  place  o£  their  Juncture. 
Unequilateral  angles  are  profitably  made  with  beads  both  on  wi(ie  and  on  narrow 
flanges. 

3.  Ratios  of  critical  stresses  to  limiting  o®  /o®  are  changed  in  wide 

•  r  •*p 

limits.  For  angles  with  thick  walls  they  are  close  to  one;  with  walls  of  average 
thickness,  characteristic  for  majority  cf  applied  profiles,  they  constitute 
C.^-C.8;  for  angles  with  very  thin  walls  these  ratios  reach  0.3-0. 4.  Difference 

in  stresses  and  for  uneq\iilateral  angles  is  less  than  for  unequilateral. 
Owing  to  intimacy  of  critical  and  limiting  stresses  in  angles  with  beads,  ratio 
’np  is  increased. 


4.  Practical  Reccemendations 


Satisfactory  coincidence  of  experimental  and  calculated  values  of  critical 
stresses  indicates  definite  reliability  of  accepted  calculating  methods.  Using 


them,  it  is  possible  to  make  certain  reccomendaticns  about  assignment  of  dimensions 


Fig.  4.  Dependency  between  local  and  total  strength  for  equilateral  angles 
frcko  alloy  D16-T  with  standard  indices  (  !,.»  ®  3000  kg/cm^;  E  =  710,000 
kg/ctt^) 

1)  curve  of  dependence  of  on  for  equilateral  angles  without  beads; 

2)  curve  of  dependence  of  on  »q‘  for  equilateral  angles  with  beads; 

3)  curve  of  critical  stresses  of  total  strength  for  alloy  D16-T  with  standard 
indices  of  mechanical  properties;  4)  curve  of  critical  stresses  of  total 
strength  for  alloy  D16-T  used  in  experiments. 


VI# 

In  Fig.  4  shcva  ccmblned  graph  of  dependence  of  stresses  on  values  of  ~- 
[for  angles  without  beads  -  according  to  (l),  and  for  angles  with  beads  -  from 
formula  (7)3  and  A  plotted  for  equilateral  angles  from  alloy  D16-T  with  standard 
Indices  of  mechanical  properties  (  30.7  “  3000  kg/cm^;  E  «  710,000  kg/cm^;  A  = 

3910  kg/cm^;  B  =  42. R  kg/cm^).  With  help  of  this  graph  It  Is  possible  to  establish 
connection  between  maxls.um  ratios  of  width  of  flange  to  Its  thickness  and 
flexibility  \  (Fig.  5,  lines  1  and  -d).  Considering  certain  possible  levering  of 
critical  stress  from  initial  eccentricity  during  construction  of  Fig.  5  we  took 
for  amount  of  overhand  of  flange  Its  full  width  h.* 

In  the  same  Fig.  5  for  ccuii^riaon  we  plotted  dependencies  of  ratio  bj^  on 
flexibility  A  given  by  norma  of  SN  113-60  (lines  3  ana  4).  It  is  possible  to  see 
that  for  low  flexibilities  norms  allow  senewhat  larger  overhangs  of  flanges,  but 
for  average,  having  the  greatest  practical  value,  and  for  high  flexibilities, 


conversely,  they  give  decreased  value,  decreasing  thereby  econcBiy  of  sections. 


Fig.  5.  Dependency  of  maxi¬ 
mum  overhangs  for 
equilateral  angles  on  flexi¬ 
bility  X  . 

1)  graph  for  angles  without 
beads,  according  to  experi¬ 
ments;  2}  the  same  with  beads 
according  to  experiments;  3) 
the  same  without  beads  according 
to  TU  SN  113-60;  4)  the  same 
with  beads,  according  to  ITJ 
SN  113-60;  5)  reccBmended 
graph  for  angles  without  beads 
6)  the  same  with  beads. 


For  practical  calculations  it  is 
possible  to  offer  the  following.  Consider¬ 
ing  that  in  a  nunber  of  experiibsnts  with 
equilateral  angles  without  beads  in  non¬ 
elastic  region  the  critical  stresses 
turned  out  to  be  scBMWhat  higher  than  those 
calcxxlated  (see  Fig.  4),  for  low  flexi¬ 
bilities  magnitude  of  maximuB  overhangs  of 
flanges  of  equilateral  angles  can  be  left 
the  same  as  norms  suggest.  For  equilateral 
angles  with  beads  alnimii  values  of  ovex^ 
hangs  (with  low  flexibilities)  have  to  be 


left  close  to  experimental  values.  They  can  be  taken  the  sane  as  for  angles 
without  beads.  This  corresponds  to  actual  conditions  of  work:  with  thick  flanges 


influence  of  beads  on  Increase  of  la  extremely  slight.  For  average  and  high 
flexibilities  naxljnuni  overhands  of  flanges  can  be  taken  according  to  experiments, 
straightening,  for  simplicity,  the  broken  lines  and  making,  according  to 
ccffistructional  considerations,  the  values  of  at  A  >76  constants.  Then  for 
angles  vithout  beads  we  obtain  Graph  5,  and  for  angles  with  beads  -  Grajii  6.  Fran 
these  graphs,  as  a  result,  there  are  obtained  following  values  of  maximum  overhangs 
of  flanges  of  equilateral  angles  from  alloy  D16-T,  depending  on  flexibility  of 
beam,  at  which  local  strength  can  be  considered  ensured: 

Angles  without  beads 
at  A  <  38  6,  '6  -  9 
at  X  >  76  =  17.5 

Angles  %rith  beads 
at  A  <  23  bjb  =  9 
at  A  >76  M  =  24 

For  intermediate  flexibilities  maximum  overhangs  are  determined  either  by 
graph  of  Fig.  5  or  by  linear  interpolation.  When  at  given  flexibility  there  is 
applied  angle  having  overhang  greater  than  maximuD  the  calculated  resistance  is 
determined  with  coefficient  ?.  corresponding  not  to  actual  flexibility  of  beam,  but 
to  flexibility  corresponding  to  overhang  taken  bjb  njjjj  determined  by  graph  of 
Fig.  5. 

For  instance,  if  with  flexibility  A  *  20  there  is  applied  equilateral  angle 
without  beads  with  10,  then  coefficient  ?  is  chosen  not  for  flexibility 

X  =  20,  but  for  flexibility  \  “  U2, 

Indication  of  possibility  of  incz^se  of  overhang  in  underetressed  eleaiente 
is  given  par.  76  of  TiJ  SN  113-60. 
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EXPEHIMENTAL-THFX)RETICAL  INVESTIGATIONS  OF  CKNTFtALLY- 
COMPRESSED  RODS  FROM  ALUMIFJUM  ALLOYS 

A.  Kh.  Khokharin,  C&nd.  of  Tech.  Sciences 

Tests  conducted  oti  centrally-ccmpressed  rods*  frcm  aluminum  alloys  had 
as  their  aim: 

a)  to  obtain  experimental  appraisal  of  degree  of  conformity  of  actual  load- 
bearing  ability  of  elements  woi^cing  under  central  compression  with  that  calculated 
determined  in  accordance  with  theoretical  prereqiiisities**  embodied  in  reccranenda- 
tions  of  technical  specs  (SN  113-60); 

b)  to  study  influence  of  form  of  cross  section  of  rods  on  character  of  their 
deformation  under  critical  loads. 

Geanotric  characteristics  of  tost  samples  and  characteristics  of  material 
(D16-T)  frcm  which  they  were  made  are  girer,  in  table. 

Dimensicms  of  cross  sections  of  test  samples  conformed  to  specs  for  assurance 
cf  local  strenj^th  of  elements  composing  these  sections. 

All  samples  were  prepare!  frcm  pressed  profiles  supplied  by  metallurgical 
factories  according  to  corresponding  standards  and  technical  specs  and  were 


-^^Investigation  of  load-bearing  ability  of  eccentrically-compressed  rois  :s 
given  in  art'cly  by  B.  G.  Bazhanov. 

**On  theoretical  prerequisities  assumed  or  basis  of  recommendations  bN  113-60, 
see  article  by  B.  M.  Broude  and  C.  M.  Chuvikin  in  this  collection. 


Characteristics  of  Test  Samples  From  Alloy  D16-T  ajid  Critical  Stresses  for  'Tiem 
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accompanied  by  aporopriate  certificates.  Cutting  of  samples  from  factory 
semifinished  products  was  such  that  from  each  factory  article  there  were  prepared 
four  rods  of  different  length.  From  the  same  article  there  were  prepared  nine 
standa’rd  samples  for  tensile  tests  of  material,  "nius,  twins  of  test  samples  of 
each  flexibility  were  made  from  different  semifinished  products  amd  had  certain 
scattering  in  mechanical  characteristics.  Values  of  conditic-nal  yield  points 
j.  shown  in  table,  constitute  averaged  charactertstics  obtained  from  tests  cf 
the  whole  of  sUndard  samples  of  given  profile.  Limits  of  proporticmality 
shown  in  table,  represent  smallest  values  measured  in  tests  of  corresponding 
series  of  standard  samples.  Such  values  are  takon  with  respect  to  fact  that  ratio 
of  limit  of  proportionality  to  yield  point  during  ccenpression  of  matertal  is  lower 
than  during  extension.  Here  upper  limit  of  ratio  during  compression  turned  one 

to  be  practically  equal  to  lower  liau.+  of  this  ratio  during  extension  of  material. 


Fig.  1.  f  iagram  of  extwision  cf  material  of 
tost  aaecles  (alloy  D16-T) 

KEY:  (a)  Tonsion  in  kg. 

Fig.  1  shows  approxiffiste  character  of  diagrams  of  axt«»lan  <^tained  during 
test  of  standard  flat  eanples  prepared  free  the  same  material  aa  that  of 
experimental  rods.  Tests  were  conducted  by  aechariical  test  eecticjn  of  Central 
Scientific  Resaarch  Institute  of  Structural  Parts.  All  flat  aaeplea  failed 
usually  along  the  line  naking  angle  of  30*  with  longitudinal  axis  of  sample 
(with  direction  of  effort)  arsd  with  middle  plane  ol  sample  aftex  ♦'ormatitar  cf 


slight  neck  (Fig,  2). 

Tests  of  rods  of  ^ubular^  tec,  iuid  comer  profileo  were  conducted  on  J)00~tori 
presj  calibrated  with  mancneters  in  scales  of  25f  50,  75,  and  100  t.  Pressure 
cf  nress  on  sasiple  was  applied  through  special  support  parts,  which  consisted  of 
two  steel  plates  with  dimension  of  200  X  200  X  40  mm  and  a  steel  ball  with  diameter 
of  30  mm  between  them.  Ball  was  fixed  in  spherical  depressions  with  radius  of 
70  mm  and  depth  of  milled  on  centers  of  supporting  plates  10  mm  (Fig,  3). 

Cue  of  plates  of  such  balancer  was  fixed  ejcactly  at  center  of  block  of  press, 
the  other  plate  rested  on  milled  face  of  test  sample.  For  achievement  of  coaxial 
alignment  of  Joints  of  upper  and  lower  baliuicers  with  axis  of  loaded  rod,  plates 
of  balancers  resting  on  faces  of  tested  rods  had  guide  flanges  with  height  of 
8  mm.  Position  of  these  guides  secured  on  plate  determined  position  of  center 
of  gravity  of  profile  exactly  against  center  of  spherical  surface  milled  cn  other 
side  of  plate  for  support  of  ball  and  soexet  Joint,  Uniformity  of  distribution 
of  pressure  on  butt  section  was  attajjied  by  laying  lead  stripe  with  2Din  thickness 
around  perimeter  of  profile  between  butt  sections  of  rod  and  bearing  discs  of 
balancers. 


■f; 
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Fig.  2.  Character  of  rupture  of  standard  tension 
samplss  from  alloy  D16-T. 


During  test  of  rods  of  round  cross  section,  support  parts  were  made  in  the 


fora  of  a  head  with  knife-edge,  secured  on  rod  by  screws  In  plane  perpendicular 
to  plane  of  support. 

Lording  in  all  tests  was  carried  out  by  steps  of  3-5  %  of  critical  load  on 
rod  and  was  sustained  at  each  stage  for  B-10  minutes.  During  loading  of  rods 
there  were  taken  measurements  of  stresses  by  mechanical  lever  tensooieters,  but 
displacements  (deflections)  -  by  deflectometers  of  N.  N.  Maksimov  system  in  thr'e 


sections  through  height  of  rod. 

General  view  of  installation  of  rods  in  press  and  diagram  of  arrangeme  nt  of 
tensometers  and  de fie ctome teres  by  sections  are  shcem  in  Fig.  U,  a,  b,  c,  d. 


Fig.  4.  General  view  of  installation  of  rods  in  press  with  ball  and  socket  joint  of  rods:  a)  tubular;  b) 
comer;  c)  tee  sections;  d)  with  flat  Joint  of  rods  of  z*oimd  section. 


Fran  msasared  deformations  there  were  constructed  grapiin  of  dependencies  of 
stresses  a  (P)  and  deflections  y  (P)  on  load.  Samples  of  such  graphs  are  shown 
in  Figs.  5  and  6, 

During  all  tests,  graphs  of  total  and  local  deformations  of  rod  allowed  us 
very  exactly  to  determine  critical  load  corresponding  to  manent  of  loss  by  rod 
of  total  strength.  For  critical  load  for  rod  there  was  taken  load  corresponding 
to  continuous  build-up  of  deformations  (deflections)  accompanied  either  by  sharp 
drop  of  pressure  in  press  or  by  smoother  lowering  of  pressure  (depending  upon 
character  of  deformation  of  axis  of  rod  and  its  cross  section).  On  graph  of 
deflections  to  this  load  there  corresponds  slanted  section  of  curve  y  (P), 
asymptotically  nearing  horizontal  line  P==Pkp  . 

In  table  there  are  given  experimental  values  of  critical  stresses  = 
equal  to  quotient  of  division  of  critical  load  by  area  of  cross  section  of  sample. 
In  the  same  place  these  stresses  are  compared  with  theoretic.il  values  («Ip)- 
calculated  by  the  Euler  formula: 


T 

9T  SU  - 

«p 


(1) 


within  limits  of  its  validity  for  given  material,  and  by  the  formula  of  Yasinskiy  - 
Tetmayer: 

^  \  1  F  ... 

(2) 


«p 


for  rods  unde^  stresses  exceeding  limit  of  proportionality  of  material. 

During  calculation  of  critical  stresses  by  shown  formulas,  values  of  limits 
of  proportionality  of  material  given  in  table  constituted:  for  round  rods  from 
pressed  bars  Op  =0.5  30.2.  for  reds  from  pressed  pipes  Op-  =  0.78  00.2  «nd  for 
rods  fron  tee  and  comer  pressed  profiles  Op  *  0.75  ®o.2’  where  ®o.s  -  conditional 
yield  point,  obtained  from  tests  of  standard  samples. 


For  calculated  free  length  of  rods  of  tublar  tee,  and  comer  profiles  there 
was  taken  their  actual  length,  equal  to  distance  between  points  of  application  of 
compressing  forces  to  rod;  for  rods  of  round  section  free  length  was  taken  equal 
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Fig.  5.  Approximte  gra^  of  experimental  dependence 
of  stresses  on  load  <t  (p):  a)  tubular  section;  b) 
Angular  section;  c)  tee  section. 


to  distance  between  flat  Joints  rigidly  secured  to  rod  in  plane  perpendicular  to 
axis  of  hinge  (see  Fig.  k,  d). 

From  data  of  table  we  notice  that  values  of  experimental  critical  stresses 
for  each  series  of  samples  are  quite  close  to  theoretical  values.  Constructional 
corrections  to  mean  values^  as  a  rule,  differ  little  from  one.  The  biggest 
deviations  are  obtained  for  rods  trith  flexibility  of  ^  100,  experimental  values 
of  critical  stresses  of  which  exceed  by  29’*35  %  ccmfuted  values  calculated  by 
the  Euler  formula.  Exception  for  this  flexibility  constitutes  rods  of  round  cross 
section,  for  which  '’i!p  turned  out  to  be  practically  equal  to  However, 

these  results  can  not  be  considered  representative  inasituch  as  test  samples  had 
significant  initial  distortions  of  axis  (1/700-1/400)  1q,  not  coinciding,  as 
a  rule,  with  plane  of  hinge. 

Deviations  of  the  same  order  onp  from  were  observed  and  on  separate  samples 
of  other  flexibilities,  although  mean  value  of  experimental  results  in  series  on 
the  whole  were  very  close  to  those  expected  from  calculation.  The  moet  coordixvated 
results  of  tests  were  obtained  for  rods  of  closed  tubular  and  solid  round  cross 


sections  idiich  are  fully  symmetrical.  For  '^xls  of  tee  aixi  comer  profiles,  axes 
of  centers  of  gravity  and  centers  of  bend  of  cross  sections  of  idiich  do  not  coincide, 
there  was  obtained  large  scattering  of  values  of  experimental  critical  stresses 
within  limits  of  each  series  of  sample-twins.  T^is  condition  is  fully  explicable, 
inasmuch  as  presence  of  least  Initial  eccentricities  of  application  of  load  or 
distortion  of  geometric  axis  of  rod  is  more  sharply  manifested  on  character  of 
work  of  such  rods  during  longitudinal  bend  in  ccmpariscn  with  rods  having 
closed  or  solid,  fully-symmetiical  cross  section. 

In  Fig.  7  on  graph  of  based  on  fomulas  (l),  (2)  and  the  Engeaser  formula 


14] 


(3) 


are  plotted  experimental  values  of  critical  stresses  for  all  tested  rods 


Fig.  6.  Approximate  graph  of  axperiaental  depandanca  of  daflactiona  on 
load  y  (P):  a)  tubular  saction;  b)  angular  saction  c)  taa  eaction. 


As  m  sss,  experimental  points  lie  basically  above  curve  1  and  below  curve  3 
and  straight  line  2. 

The  closest  approximation  of  experimental  values  to  computed  curves  is  noted 
for  rods  of  average  flexibilities  bordering  an  maximum  flexibility  determined  by 
condition  (l).  Exceeding  of  actual  load-bearing  ability  beyond  that  calculated 
for  rods  with  flexibility  exceeding  Euler's  maximum  flexibility  for  given  material 
should  be  explained  by  influence  of  forces  of  friction  appearing  between  ball 
and  socket  joints  and  bearing  discs  of  balancers  during  deformation  of  axis  of  rod. 
As  can  be  seen  from  Fig.  6,  from  first  stages  of  loading  of  rod  deflectcneters  mark 
deflection  of  its  axis,  as  a  result  of  which  internal  bearing  discs  of  balancers 
turn  relative  to  external  plates. 


Fig.  7.  Comparison  of  theoretical  dependencies 
of  critical  stresses  on  flexibility  of  irods 
( A)  with  experijsmital  dependencies  U) 
l)  b^  the  Eulet  fonsula  Euler's  hyperbola 

2)  by  the  Tasinskiy  -  Tetmayer  formula; 
stra'^i^t  line  of  Tasinskiy  Tetmayer.^- xn-Mi: 
3)  by  the  Engesser  formula;  (Qigesser  parabola 

Special  designations; 

’  -  round  rod  d  •  18  mn;  -  ripe,  00  X  72  X 
4  mm;  a  -  angle,  90  X  90  X  10  ns;  -  tee, 

120  X  8  X  100  X  18  bd;  — * —  graph  of  average 
experimental  values  of  • 


During  loading  on  rod  close  to  critical,  angle  between  bearing  discs  of 
balancers  became  noticeable  to  the  eye  (Fig.  8).  If  balls  of  suppoi*t  balancers 
had  not  been  fixed  in  social  spherical  depressicns  milled  in  plates,  then  at  such 
an  angle  of  turn  they  would  have  skipped  in  direction  of  aperture  of  angle  between 


bearing  discs ,  Preservation  of  construction  of  balancer  In  such  a  form  Indicates 
presence  of  reactions  holding  ball  between  plates.  These  reactive  forces  form 
a  (air  of  forces  on  ends  of  rod  equivalent  In  action  to  certain  pinching  of  ends 
of  rod,  decreasing  Its  free  Length  as  compared  to  that  taken  in  calculation. 

significant  in  this  respect  Is  the  fact  that  with  increase  of  flexibility  of 
rods,  difference  Is  Increased  between  actual  load-bearing  ability  of  rod  and  Its 
computed  value,  while  dispersion  of  experimental  values  of  obtained  from 

tests  of  rods  decreases  Independently  of  their  form  of  cross  section 

Besides  Influence  of  terminal  moments  evoked  by  frictional  force  In  support 
balancers  there  took  place  also  initial  eccentricities  of  application  of 
compressing  load  on  rods  dur^jig  their  loading.  Magnitudes  of  these  eccentricltes 
were  revealed  as  a  result  of  decomposition  of  curve  of  stresses  measured  by 
tensometers  into  components:  -  from  axial  force  and  ^  **  from  bending  moments 

effective  with  respect  to  principal  axes  of  croes  section.  From  obtained  stresses 
there  were  constructed  graphs  N  (P),  Mj^  (P),  and  My  (P)  of  form  shown  in  Fig.  9, 
which  subsequently  served  as  material  for  appraisal  of  character  of  work  of  rod 
under  load  and  establishment  of  actual  eccentricities  of  application  of  compressing 
force.  They,  showed  in  particular,  that  at  each  stage  of  loading  force  measured 
in  section  was  equal  (with  deviations  within  limits  _+  4-7  %)  to  force  given  by 
manometer,  and  that  graphs  of  build  up  of  bending  moments  in  separate  stages  of 
loading  in  all  cases  had  regularity  close  to  linear,  with  certain  deviations  of 
particular  values  from  averaged  curve.  However,  such  deviations  should  be 
considered  inevitable,  inasmuch  as  absolute  value  of  increase  of  bend  stresses 
at  every  stage  of  loading  was  coonensurable  with  precision  of  measurement  of 

stresses  by  tensometers  (6-10  kg/cm‘*,  or  0,2-0. 3  of  one  scale  division). 

Meanwhile,  averaged  curve  of  change  of  terminal  moments  indicated  the  fact 
that  magnitude  of  initial  eccentricity,  expressing  simultaneously  eccentricity 
of  application  of  compressing  force  and  effect  of  pinching  of  rod  by  horliontal 


REPiiljLiU^iiiLC  roActionSf  remained  practically  constant 

during  whole  process  of  loading. 

presence  of  these  eccentricities  in 
the  first  place  should  be  explained 
lowering  of  actual  load-bearing  ability  of 
rods  with  atnall  flexibility,  as  compared 
to  theoretical  values  determined  by 
conditions  (2)  and  (3). 

Ln  entire  range  of  investigated 
flexibilities  influence  of  form  of  cross 
secticn  of  rod  showed  up  mainly  on 
character  of  its  deformations  under  load 
and  In  range  of  scattering  of  particular 
values  of  critical  forces.  Values  of 
constructive  corrections  to  mean  values 
of  critical  stresses  for  all  types  of 
sections  with  corresponding  flexibilities 
txuTWi  out  to  be  practically  Idwitical. 

It  was  noted,  for  instance,  that 
upon  achievement  of  critical  forceroda  of  z*ound  and  tubular  sections  lost  load- 
bearing  ability  as  a  result  of  comparatively  aaooth  build-up  of  deflections 
accompanied  by  intense  build-up  of  fiber  etreaees.  Scmetimes  such  font  of  buckling 
preceded  higher  increase  of  de.  u;matione  during  stage  of  loading  preceding  critical 


Fig.  8.  Angle  of  rotation  of 
bearing  discs  of  balancer  during 
load  on  rod  is  cloee  tu  critical. 


force. 

Rod  under  this  load  still  kept  stable  equilibriiss,  and  only  further  increase 
of  load  led  to  buckliivg,  eewcing  in,  as  and  in  first  case,  in  fom  of  flat  bend 
of  axis  as  a  result  of  "smooth"  build  up  of  deflections.  In  both  these  oases  exhaus¬ 
ting  of  load-bearing  ability  was  accompanied  by  drop  of  load  at  20-30  %  of  critical. 


moMott  4nd  M_,  oMStirad  in  cross  ssetions 
St  difrsrsnt  stsgss  of  losdin^  of  rod. 

KEY:  (s)  by  BsnooMtsr  (in  tons);  (b)  Msssursd 
st  strssMS. 

Only  in  sspsrsts  tests  of  this  ssries  of  rods  \ma  thsrs  obssrvsd  buckling  in  fora 
of  shsrp  snd  of  sxis  (clsp),  sccaapsnisd  by  instsntSDSocs  drop  of  significant 
part  (7C>^  %)  of  load.  In  last  cases  critical  load  on  rod  was  10-20  %  higbfit 
than  load  which  was  recorded  for  rods  of  the  saae  flexibility,  exhausting  of 
load-beairlng  ability  of  whic^.  set  in  "smoothly."  From  17  tests  of  rods  of 
tubular  secticti  not  once  was  there  noted  local  deformations  of  cross  section. 

Bent  axis  of  rod  always  had  flat  character  of  elastic  or  elastic-plastic  fleer, 
disa{:^)earing  almoet  conpletely  upon  removal  of  load. 

During  repeated  loadings  of  these  rods  critical  load  for  them  constituted 
on  the  average  nearly  dO  t  cf  critical  load  of  firat  loading.  Character  of 
deformat  on  during  secondary  loading  was  always  smooth  independs&tly  of  c'  aractsr 
of  deformation  (haring  first  loading. 

During  tests  of  rods  of  corner  profile,  besides  bend  deformatione,  there  were 
observed  also  criteria  of  twisting  defonaaticns.  This  appeared,  in  particular, 
in  turn  of  internal  bearing  disce  of  balancers  by  angle  up  to  '^-8*  rc.ativ?  tr 

anoth  r  and  relative  to  initial  position  (Fig.  10).  Nonetheless,  of  fee  16  rods  of 


comer  profile  only  in  two  cases  rt  ^  =  100  and  A  =  45  was  there  buckling  in 
plane  of  flange.  In  all  other  cases  bend  of  rods  of  high  flexibilities  at  mcment 
of  buckling  is  observed  in  plane  of  least  rigidity  with  crushing  of  flanges  in 
form  shown  in  Fig,  11,  a. 

Form  of  deforniation  Ir  these  cases  was,  as  a  rule,  symcetrical,  and  character 
of  deformation  -  elastic  or  elastic-plastic.  After  removal  of  load,  elastic  axis 
of  rod  sometimes  was  stmightened  so  much  that  readings  of  instrinnents  recorded 
unobtruijive  magnitude^  of  permanent  deformaticMW  or  their  total  absence.  Mutual 
turn  cf  oearing  discs  of  balancers  was  especially  noted  during  load.ing  of  rods 
of  comer  profile  with  flexibility  X  =  30  and  X  =  45,  In  both  cases  turn 
occurred  instantly  at  mcment  of  buoiding;  during  stage  loading  of  rods,  turn  of 
plates  was  not  visually  noted. 

In  the  sense  of  appraisal  of  influence  of  torsion  on  load-bearing  ability  of 
centrally  compressed  rod  of  open  profile  the  follcwing  three  facts  are  interesting. 

1.  For  two  rods  0  v-mer  profile  with  flexibility  X  =  30  loss  of  load-bearing 
ability  set  in  practically  at  the  s,^"  load,  but  had  externally  excellent  fom. 

First  rod  curing  load  P  =  55.22  t  at  mcment  of  buckling  was  bent  and  was  turned 
around  its  own  axis.  Here  bend  of  rod  was  not  accompanied  by  clap  irscond  rod 
buckled  during  load  P  =  56.94  t  in  form  of  flat  bend  in  that  same  plane  (yQ  -  yQ) 
that  was  accompanied  by  clap.  Unloading  of  rods  during  their  deformation  was 
unequal  and  coristituted  respectively  57  and  66  %  of  their  critical  loads,  l.e,, 
convergence  of  ends  during  deformation  in  first  case  wao  less  than  in  second, 

2.  During  loading  of  rods  X  =  45^  in  two  of  three  cases  buckling  of  rods 
set  in  instantly  and  was  accompanied  by  clap.  And  although  values  cf  critical 
forces  in  both  cases  were  practically  equal,  fom  of  deformation  in  one  case 

was  purely  oend  (P  =  54.5  t  -  Fig,  11,  b).  In  other  case  -  bend-twist  with  noticeable 
turn  of  bearing  discs  (P  =  53.5  t  -  Fig,  11,  c).  Drop  of  load  in  both  cases 
constituted  on  the  average  74  %  of  maximum  value.  Critical  load  for  third  rod 


of  this  flexibility,  of  which  sat  in  the  fora  of  bend  of  axis  in  plane  of  least 

rigidity  without  clap,  was  equal  to  }’  =  46. A2  l,  l.e.,  14^  lower.  Unloading 

during  deforaatlon  of  first  loading  in  this  case  constituted  25  ^  in  all  of  P 

"P 

During  full  unloading  there  were  nvsasured  snail,  permanent  sets,  indicating  on 
elastic-plastic  character  of  work  of  rod  under  critical  load.  Ultinate  load 
during  repeated  loading  turned  out  to  be  equal  to  75  %  of  critical  force  of 
first  loading. 


Fig.  11.  Bend  fora  of  loss  of  overall  strength  with 
crushing  of  flanges  of  angle. 

a)  bend  of  rod  with  crushing  of  flanges  (  ^  “  100) j 

b)  bend  in  plane  of  flange  I  A  “  45);  c)  bend-twist 
form  (  A  =  45). 


3.  During  leading  of  rods  with  flexibility  A  “  100,  two  rods  of  the  three 
had  identical  values  of  critical  forces  *  15.57  t  with  various  foras  of 
buckling:  one  rod  was  "smoothly"  bent  in  plane  of  least  rigidity,  other  was  also 
"smoothly"  bent,  but  in  plane  of  flange.  Turn  of  section  around  axis  of  rod  in 

both  cases  was  not  observed.  During  deformation  of  rods  there  was  noted  identical 


degree  of  unloading  (25  %  of  /V,,  ).  After  full  unloading  of  rode  there  were 
meaeured  extrenelj  8ftb.ll  (within  llmita  of  accuracy  of  deflectaneter)  peraanent 
sets,  which  fully  corresponded  to  results  of  repeated  loading,  ultinate  load  for 
which  constituted  93  %  of  critical  load  of  first  loading. 

Buckling  of  third  rod  with  the  same  flexibility  set  in  during  load  f\p  21,11 
t,  i.e,,  36^  higher  than  for  first  two  rods,  and  had  character  of  instantaneous  dis¬ 
turbance  of  stable  equilibrium  of  rod.  Character  of  deformation,  bend  in  plane  of 
least  rigidity,  was  accompanied  by  clap  and  shallow  crushing  of  flanges.  After  full 
unloading  of  rod,  its  axis  was  straightened  completely.  However,  ultimate  load  of 
repeated  loading  was  lower  than  during  first  loading.  Presence  of  inconspicuous  per¬ 
manent  sets  of  cross  section  and  fastening  supports  lowered  critical  load  on  rod  to 
value  P  =  15.65  t,  equal  to  critical  force  for  first  two  rods. 

Thus,  these  observations  allow  us  tc  conclude  that  influence  of  tiristing 
deformations  was  not  significant,  determining  load-bearing  ability  of  centrally 
conpressed  rods,  whereas  scattering  in  values  of  critical  forces  with  identical 
form  of  buckling  indicates  significant  influence  of  initial  eccentricities  of 
application  of  load. 

This  conclusion  is  fully  confirmed  by  results  of  tests  of  rods  of  tee  section, 
when  15  rods  tested  there  was  not  one  case  of  buckling  with  any  noticeable  influence 
of  twisting  deformations. 

All  rods  buckled  severely  in  plane  of  least  rigidity  (in  plane  of  flange, 
where  bend  of  rods,  as  a  rule,  was  accompanied  by  a  Jolt,  There  was  a  case  of 
local  buckling  by  wall  during  test  of  rod  with  flexibility  X  ■=  29  (Fig.  12), 

Local  deformation  of  rods  practically  in  all  cases  was  elastic-plastic. 

Both  in  rods  with  flexibiUty  A  =  96,5  and  in  rods  with  flexibiUty  A  *=  30 
there  were  noted  insignificant  permanent  sets  after  unloading  of  rod  and 
lowering  of  ultimate  load  during  repeated  loading,  as  compared  to  critical  force 
of  first  loading.  Character  of  defonnatione  of  rods  during  repeated  loadLig  was 


Fig.  12.  Local  buckling  by  wall 
during  central  canpreseion  of 
rod  of  tee  section  with  flexL- 
biUty  (  A  =  29). 


analogous  to  first  loading,  with  the 
difference  that  bend  of  axis  of  rod  upon 
achievefsent  of  critical  force  occured  more 
smoothly. 

Thus,  results  of  tests  of  rods  of 
four  types  of  cross  section  confirmed 
possibility  of  acceptance  of  normative 
coefficients  of  longitudinal  bend  during 
central  compression  without  regard  for 
fom  of  cross  section  of  element. 

Appraisal  of  conformity  of  actual 
load-bearing  ability  with  respect  to 
that  calculated,  determined  according  to 
second  calculated  limiting  state,  to 
equality 

N^fRF,  (4) 

may  be  done  on  the  basis  of  comparison 
of  graph  of  normative  coefficients  f  [i]  vith 
actual  values  of  ratios  *®o.>  Such 

ccmparison  is  shown  in  Fig.  13. 


From  Fig.  13  we  notice  that  through  entire  extent  of  investigated  flexibilities 
normative  curve  is  within  lower  limits  of  experimental  points,  which  with  so 
insignificant  a  scattering  of  them  is  fully  acceptable  at  present  stage  of 
mastering  of  this  new  material. 

Here  one  should  consider  also  the  fact  that  actual  values  of  relative 
eccentricities  ej  in  all  rods  tested  in  this  program  were  more  than  two  times 
less  than  eccentricities  taken  during  composition  of  table  of  normative  values 


Fig.  13.  ComparlsOT  of  normative  curve 
of  coefficients  of  l<»gitudinal  bend  of 
centrally  compressed  rods  with  experimental 
values  of  ratios  «2p  •  =  ?»k 

Special  designations: 

*  -  angle  90  X  90  X  10  nm;  o -  pipo>  90  X 
72  X  A  nmj  n  -  rod,  d  =  18  mm;  +  -  tee,  100 
X  18  +  120  X  8  nm. 


of  coefficients  of  longitudinal  bend  and  in  a  number  of  cases  less  than 

eccentricities  possible  under  actual  conditions.  Thus,  for  Instance,  average 

relative  eccentricity  for  rods  of  tubular  section  with  flexibility  X  “  A5 

constituted  e'^  =0.07  and  for  tee  rods  of  the  same  flexibility  e\  =0,04  instead 

of  m  =  _L.  X  =  0,135  -  normative  value  of  relative  eccentricity  for  given 

1^00 

grade  of  alloy. 
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LOAD-BEARING  ABILITY  OF  ECCENTRICALLY  COMPRESSED  RODS 
FROM  ALUMINUM  ALLOY  AV-Tl 

B.  G.  Bazhancv,  Engineer 

1.  Introduction 

In  building  etructures  there  are  applied  alioiinum  alloys  of  different  grades 
Cl].  Stress-strain  diagrams  of  these  alloys  beyond  the  limits  of  elasticity  have 
curvilinear  character  and  noticeably  differ  from  each  other  in  amount  of  hardening 
of  material  in  plastic  stage. 

During  calculation  of  rods  from  aluminum  alloys  for  eccentric  compression, 
application  of  different  curves  with  complex  analytical  expression  for  approximaticn 
of  diagram  a  — e  of  each  alloy  leads  to  large  number  of  labor-consuming  ccmputaticais, 
and  does  not  give  in  final  result  formulas  convenient  for  application. 

For  simplificaticn  of  solution  of  this  problem  Weinhold  in  hie  worics  [5],  [6] 
replaced  diagram  of  all  applied  alloys  by  single,  generalised  curve  having  complex 
analytical  expression,  and  developed  method  of  dimensionless  parameters,  allcering 
use  of  this  generalised  curve  during  calculation  of  structui'ss  from  any  alloys. 

This  method  was  used*  during  composition  in  TO  SN  [Tech.  Specs,  and  Building 
Standards]  113-60  [1]  of  tablss  for  coefficients  y  ,  However,  absence  of 


♦See  article  by  B.  M.  Sroude  and  G.  M.  ChuvUtln  in  this  collection. 


experiment*!  works  on  strength  of  eccentrically  ccopressed  rods  from  native  alloys 
did  not  allow  authors  of  technical  specs  recawnended  in  TU  SN  113-60  to  estimate 
accuracy  of  method  used  in  application  to  aluminum  alloys.  Besides  this, 
comparison  of  generalized  curve  (Weinhold)  and  experimentally  determined  diagram 
j-  :  of  alloy  AV-Tl,  clotted  on  one  drawing  (Fig.  l),  indicates  their  essential 
distinction  in  plastic  stags. 

.'olution  of  problem  of  strength  of  eccentrically  compressed  rods  can  be 
sit^ificantly  simplified  by  putting  in  basis  of  this  solution  in  place  of  curvilinear 
idealized  diagrams  -  £  one  composed  of  two  slanted,  straight  lines  (Fig. 

Basic  parameters  of  this  idealized  diagram  are  chosen  on  the  basis  of  analysis 
of  experimental  diagram  a  —  i  of  investigated  alloy.  Thus,  straight  line  OA  with 
angle  of  inclinaticm  f  (Fig.  2)  coiresponds  to  elastic  stage  of  work  of  material; 

here  tan  *r*  E,  where  E  -  elastic  modulus  taken  from  experimental  diagram. 

a  kV"-"' 

i 


6/  i)  >t  (f-'i) 

Fig.  1.  fomparison  of  Fig,  2,  Approximation  of 
experimrical  diagram  experimental  diagrams 
.  of  alloy  AV-Tl  (l)  c-.  of  alloy  AV-Tl  with 

with  g  meralized  curve  help  of  idealized  diagram 
of  Wein.Told  (2).  with  linear  hardening. 

An,:ie  of  inclination  of  straight  line  AC  depends  on  nature  of  contour  of 
experimental  diagram  in  plastic  stage,  and  for  each  alloy  it  has  definite  value; 
where  tan  r.  *  where  -  tangent  modulus  taken  from  experimental  diagram.. 


Purtheraore,  we  draw  slanted  straight  line  AC  through  point  B  of  exp^rijnental  diagram 
a  -I. yield  points  for  both  diagrams. 

On  the  basis  of  study  of  fom  of  experimental  diagrams  o  —  *  of  alloy  AV-Tl, 
depicted  in  Fig.  2,  amount  of  linear  haxxlening  of  material  in  plastic  stage  is 
taken  equal  to  0  0.08. 

On  the  basis  of  results  of  experimental  investigations  conducted  earlier 
in  TsNIISK  on  eccentrically  compressed  rods  frcin  alloy  D16-T,  and  from  number 
of  works  [7]  it  is  known  that  for  rods  from  aluminum  alloys  to  moment  of  loss 
of  stability  of  deformation  on  compressed  fibers  of  average  section  have 
insignificant  magnitude  ( <  >  0.8  to  1  %), 

Considering  these  results,  in  present  work  approximation  of  experimental 
diagram  is  "ade  in  interval  of  deformations  <  «  0  to  1.25  %* 

Experlmsntal  diagram  a  — «  was  detendned  during  test  of  flat  samples  from 
alloy  AV-Tl  for  compression  on  a  device  developed  in  TsNIISK  by  Tu.  S.  Mrchanets 
engineer.*  On  this  device  there  was  conducted  test  of  flat  samples  with  dimension 
5  X  12  X  55  mm  cut  from  pressed  profiles,  from  which  there  were  prepared  rods  for 
eccentric  compression  tests.  Mechanical  characteristics  of  alloy  AV-Tl  obtained 

as  a  result  of  these  tests  are  given  in  Table  1*. 

Table  1.  Mechanical  Characteristics  of 
Samples  from  Alloy  AV-7I 


2/} 

M 

l^JOWUl  wp.- 

TtKy*<KTM 

1 

30.2 

36 

2 

30.5 

35.6 

3  1 

29,8 

35.4 

4  j 

30.3 

i  36.2 

S 

29.7 

35.3 

KET:  (a)  No.  of  sample;  (b)  Limit  of 
proportionality  «p  in  kg>mf2.  (c)  Con¬ 
ditional  yield  point  2  ^  kg^ss^. 


*Experiaental  determination  of  diagram  of  compression  is  described  in  this 
collection  in  article  by  Tu,  S.  Mkrchanets,  engtnaer. 


In  this  section  there  is  considered  strength  in  plane  of  bend  of  eccentrically 
ccxnpressed  aluminum  rods  H  -  shape  and  rectangular  sections. 

As  method  of  theoretical  investigations  Me  used  method  of  two  calculated 
sectioTG  developed  by  Dr.  of  tech,  sciences  A.  V,  Genmerling  [2]. 

Solution  is  anproximate,  since  it  is  based  on  following  assumptions: 

a)  flat  form  of  bend  is  stable; 

b)  deformatiois  throxigh  section  are  distributed  according  to  the  law  of  plane; 

c)  for  curvature  of  rod  there  is  taken  approximate  expression  — 

d)  bent  axis  of  rod  is  taken  in  the  form  of  sinusoidal  cxirve. 

In  basis  of  theoretical  research  in  method  of  two  calculated  sections  idealized 
diagram  is  assumed  o—e  in  the  fora  of  two  slanted,  straight  lines,  with  help  of 
which  calculation  is  made  of  linear  hardening  of  material  in  plastic  stage. 

Let  us  consider  critical  state  of  eccentrically  compressed  rod  H-shaped  section 
in  the  presence  of  unilateral  yield  on  concave  side.  Investigated  rod  has  hinged 
support  on  both  ends  and  is  loaded  by  compressing  forces  N,  applied  with  eccentricity 

9 

For  deterainaticn  of  critical  compress¬ 
ing  force  of  rod  we  use  generalized  Exiler 
formula  [2]: 

lKp  =  crit]  (l) 

where  J2  -  moment  of  inertia  of  second 
calcxilated  section. 

Investigation  of  critical  state  of 
considered  rod  with  application  of  formula 


(Fig.  3). 


Fig.  3.  Diagram 
of  loading  of  rod. 


(1)  is  conducted  on  the  basis  of  analysis  of  repulse  character,  by  which  here 
IS  understood  ability  of  rod  to  resist  infinitesimal  deflections  frcm  ^.tained 
states  of  equillbrlun. 


If  magnitude  of  repulae  of  rod  la  greater  than  that  of  cceipreaaing  foreea 
acting  on  rod,  then  there  la  no  loaa  of  atrength.  If,  hoeiaver,  magnitude  of 
repulae  beconea  equal  to  external  load,  there  irLll  be  buckling. 


Fig.  4.  Diagram  of  atreaaea  In  aectlon. 


That  atate  of  equilibrium  la  critical  at  which  there  la  poaelble  Inflnlteaimal 
Increaae  of  deformation  without  Increaae  of  external  load.  Inveatlgatlcn  of 
repulae  la  made  bj  method  of  theory  of  atrength  of  flret  kind. 

Repulae  of  rod  la  diaracterlsed  bj  aeeond  calculated  aeetione  obtained  aa 
a  reault  of  multiplication  of  baale  area  of  actual  aectlon  by  relatlre  tangent 
modulua  e,  which  la  equal  to  ratio  of  tangent  modulua  taken  from  diagram 

n  — e,  to  elaatlc  modulua  E. 

For  determination  of  critical  value  of  compreaaing  force  by  fonoula  (l)  it 
Is  neceaaary  to  eatabllah  monent  of  Inertia  of  aeeond  calculated  aectlon  J2  of 
conaldered  rod  In  critical  atate  of  equUibrima.  Definition  of  thla  moannt  of 


Fig.  5.  Grapha  of  coefficient  for  rode  a)  of  K>ehaped 
aectlon;  b)  of  rectangular  section. 


For  H>ahAped  section,  depicted  in  Fig.  4,  mcment  of  inertia  of  second 
calculated  section  has  the  form 


y, 

•  12  • 

(2) 

where 

*,  4i*  i  40(1  a*)  3 

a‘ 

‘  'J; 

(3) 

Here 

a,  3*  (1  0)  (  0  ; 

1  • 

(4) 

a(l  -0)  1  0  ( 

i  * 

(5) 

(6) 

In  order  to  simplify  practical  calculation. 

of  mooMnt  of  inertia  J2» 

in  Fig.  5, 

there  are  given  auxiliary  graphs  for  determination  of  coefficient  depending 
upon  relative  depth  of  elastic  core  a-  at  different  values  of  nagnitu  'e  of  linear 
hardening  (  0  =  0.02;  0.05;  0.08,  and  0.1). 

In  Fig.  5,  a  such  graphs  are  given  for  H-shaped  section,  and  in  Fig.  5,  b  - 
for  rectangular  section. 

Thus,  assigning  loagnltude  of  ol  we  can  determine  mcEient  of  inertia  of  second 
calculated  section,  and  by  foraula  (l)  we  can  establisn  magnitude  of  critical 
force. 

For  complete  solution  of  problem  of  strength  of  eccentrically  compressed  rod 
it  is  necessary  to  find  expression  for  deflection  in  critical  state  /.?  and 
for  eccentricity  with  which  it  is  necessary  to  apply  compressing  force  N, 
so  that  considered  state  of  equilibrium  la  critical. 

For  that  we  write  ccxidition  of  equilibrium  of  external  and  internal  forces 
and  rr.cT'ents  for  section  of  rod  of  average  length,  diagram  of  stresses  of  which  in 
the  resmice  of  unilateral  yield  ie  depicted  in  Fig,  4.  We  write  mcmente  relative 


to  edge  with  least  cenpressior.  stress 


M  a,  I  j,  F,  *  fa, 


r  -i) 


Ik  a)*  (a  I  2k) 


Curvature  of  axis  of  rod  on  the  basle  of  Bemoulx^'s  hjpothesia  me/  be 


expressed  through  defonnaticns  on  the  sverage  section: 


Bent  axis  of  rod  loaded  according  to  Pig.  3  w*  take  as  describad  6/  half>wave 


of  sinusoid 


y  iin 


Differentiating  equation  (10)  ttfica,  m  obtain  (xreat^je  of  bant  axis  of  rod, 

which  for  aTaraga  section  will  be  equal  to 

\  »*/ 


Equating  ri^t  sides  of  (9)  and  (11),  we  obtain 


•t  — •!  ^ 

«  t* 


Solving  equations  (7)  and  (12)  jointl/,  we  find  axpreasion  for  deflection  in  middle 


of  length  of  rod 


(«t-*w)(‘  +  y) 


where 


C-a»+ 

Placing  values  c'  (12)  and  (13)  in  (8),  we  obtain  following  axpreasion  for 


b«)ding  aoeant  M: 


M  ^  th  (a,  —  -f-  i)t. 


where 


S(  l  -  •)  I 


3  Is*  ~  23* 


Mcnent  of  external  forcee  about  center  of  gravity  of  average  sect ion  is 


equal  to 

[(*»  '’a/)  n  I  Y)  1 

^^0 1  I  (19) 

Solving  equation  (19)  with  respect  to  we  obtain  expression  for  eccentricity 
iriQ,  corresponding  to  given  state  of  rod: 

-^7*  j  (20) 

Formulas  obtained  by  us  for  determination  of  A^^p,  f  and  Wq  are  Just  during 
unilateral  yield  on  the  average  sectifjn  of  rod  upon  achievement  by  it  of 
critical  state. 

During  deter/nination  of  limit  of  applicability  of  fomulas  of  unilateral  yield, 
as  upper  limit  there  is  taken  appearance  of  outer  yield  on  the  average  section  of 
rod  («  =  1),  and  as  lcs#er  limit  -  state  of  strain  at  which  yield  appears  and 
on  stretched  edge.  Values  of  ot  coi responding  to  lower  limit  is  determined 
from  condition 

(21) 

With  respect  to  (7)  this  inequality  may  be  written  in  the  follcwing  form: 

(22) 

9t 

where  p  is  determined  by  the  formula 

•Q»-f  Y(2a-l)-B(l-a)-  ,  v 

^  '  a(J  +  Y)  ' 

During  fuilfillment  of  ineqxiality  (22),  in  section  of  rod  there  will  be 
unilateral  yield;  if  it  is  not  satisfied  ~  bilateral  yield. 

Thus^ the  obtaineu  adjoint  equations  (l),  (13),  and  (20)  allow  us  to  canpletely 
solve  probllem  of  strength  of  eccentrically  ccnipressed  rods  during  unilateral 
yield  on  concave  side. 

Actually,  knowing  length  of  rod  1  and  assigning  certain  depth  of  elastic  core 
a  or  t'elative  depth  a  there  can  be  found  magnitude  of  critical  force  magnitude 
of  deflection  and  then  by  formula  (20)  eccentricity  m^,  with  which  it  is 
necessary  to  apply  force  ,V^p.  so  that  critical  state  actually  sets  is  at  sele^ced 


value  of  ’kp- 


This  schaM  of  calculation  allowa  us  rather  simply  to  construct  graph  of 
<>>.p  (^,n>o).  with  help  of  which  there  can  be  found  for  any  rod  H-shaped  section 
with  given  flexibility  A  and  eccentricity  biq. 

It  is  possible  to  show  that  criterion  of  strength  of  rods  according  to  Euler 
(l)  applied  in  this  article  is  equivalmt  usually  to  applied  analytic  criterion 
of  buckling 


—  =  0. 

. 


which  can  also  be  written  in  the  form  [3] 


(24) 


dM  ^  Mil, 
da  da 


(25) 


We  take  derivatives  with  reapsct  to  a  from  expressions  of  external  and  internal 
moments  [equations  (19)  and  (16)].  Placing  them  in  equation  (25)  and  solving  it 
with  respect  to  ,  we  find 

|^|4a*  +  «(l-.»)-3-i  +  3,]|.  (26) 

During  the  analysis  of  foxesula  (26),  we  notice  that  expression  in  brackets 
constitutes  moment  of  inertia  of  second  calculated  section  (2). 

Thus,  we  obtained  expression  (26),  which  completely  coincides  with 
generalized  Euler  formula  (1).  For  rods  of  rectangular  section  formulas  for 
determination  of  A^,p.  f  and  mg  can  be  obtained  from  corresponding  fonnulas  (1),  (12), 
and  (20)  for  rods  of  H-shaped  secticvt,  assuming 


7  = 


In  this  article  we  limited  ourselves  to  coisideration  of  critical  state  of 
eccentrically  compressed  rods  of  two  forms  of  ci*oss  section  (H>shaped  and 
rectangular).  However,  the  aboveHBentioned  method  of  approxiination  may  be  used 
for  investigation  of  strength  of  rods  with  any  form  of  section  usually  applied 
in  metallic  structures  (I>tK>am,  tee  and  other  sections). 


3 .  Test  of  ^cis  From  Muminum  Alloy  AV-Tl  for  Eccentric  Compression 
Experimental  investigationr  for  eccentric  compression  were  conducted  on  rods 


of  H~shar«d  *nd  rectangular  sectiona.  Section  of  H-ahaped  profile  was  selected 
frcBi  "Catalog  of  Pressed  Profiles"  [4J  and  is  close  in  fonr.  to  steel  I-beam  of 
building  assortment,  but  differs  somewhat  by  large  thickness  of  flanges  and  walls 

(Fig,  6).  Investigated  H-shaped  profile  was 

I" 


Fig.  6.  Diagram  of  test 
of  rods  of  H-shaped 
section. 


prepared  by  method  of  hot  extrusion  frcm 
alloy  AV-Tl.  Tests  were  conducted  on  rods 
with  flexibility  X  =  4C  to  70  with  bend 
in  plane  of  least  rigidity.  In  accordance 
with  shcsm  flexibility  there  were  determined 
calculated  lengths  of  rals,  which  differed 
frcm  actual  lengths  in  magnitude  of  height 
of  supports  (Fig.  6).  Actual  dimensions 
of  all  rods  are  given  in  Table  2. 

During  preparation  of  test  samples, 


attention  was  given  to  quality  of  machining 
of  butt  ends,  on  which  greatly  depends  accuracy  of  centering  of  rods.  Machining 
of  butt  ends  was  done  on  boring  machine  by  end  milling  cutter  with  maintainence 
of  mutual  parallelism  of  butts  and  perpendictilarity  of  butt  faces  to  longitudinal 


eixis  of  rod. 


Table  2.  Results  of  Tests  of  Rods  of  H-Shaped  Section  for 

Eccentric  Compression 


CTrpNiHM 

aKCU«KTpll 
UMT<T  fn 

CTcp/.llfl 

fi. 

id) 

ThO- 

KOCTb 

X 

3«CIICpil*'CIITl;il.HUC 

MeCKOC 

. 

OillH*'- 

K«  4  f 

(.71. 

'c 

$ 

•P 

■'•.pW 

L'v  ®kP 

Kf  cm' 

//  )  H  ' 

0.2 

70,1 

87.1 

40 

104  470 

232^ 

r 

2300 

1  5 

M2 

0,2 

91.9 

108.9 

50 

90  0(>n 

2000 

2!  40 

7.0 

■H3 

0.5 

91,9 

108,9 

50 

77  010 

'710 

1770 

3.5 

H4 

0,2 

113.7 

130,7 

GO 

68  810 

1530 

1000 

4.6 

M5 

0.5 

113,7 

130,7 

W  270 

1340 

1440 

7.5 

H6 

0,2 

135.4 

152.4 

70 

1  5i5.'i0 

■ 

1M,5 

IIW 

1.3 

KEY;  (a)  Rods;  (b)  Relative  eccentricity  in  m;  (c) 
Length  of  rod  in  cm;  (d)  Flexibility;  (e)  ExperimenUl 
data;  (f)  Theoretical  stress;  (g)  Error  in  (h) 

In  kg;  (i)  In  kg/cm2 


As  a  r«8ult  of  check  it  was  found  that  test  sanples  did  not  haTs  initial 
curvature . 

In  Fig.  6  there  is  shewn  diagram  according  to  vhich  tests  were  conducted 
on  rods  of  H-shaped  section.  Support  of  ends  of  rods  during  test  was  carried 
out  with  help  of  knife  hinges,  located  in  such  a  way  that  plane  of  bend  of  rods 
coincided  with  plane  of  their  least  rigidity.  In  direction  perpendicular  to  knife 
hinge  rod3  had  rigid  support. 

Tests  were  conducted  on  hydraulic  500>ton  press.  Plates  of  press,  having 
large  height  (230  rib)  were  preliminarily  wedged,  in  order  to  exclude  possibility 
of  their  rotation.  On  these  plates  there  were  fastened  additional  supports  (Fig. 
7),  which  ensured  hinged  support  of  rod  on  both  ends.  Each  support  consists  of 
two  steel  plates,  on  one  of  which  is  faster ed  a  "knife,"  and  on  otner  -  "saddle" 
of  haxtlened  steel.  During  bend  of  rods  under  load,  their  ends,  together  with 
bearing  discs,  can  turn  freely  about  longitudinal  axis  of  knife  hinge  by  angle  up 
to  16®. 

Tests  of  rods  for  eccentric  conpresslon  were  conducted  with  eccentricities 

ffUt 

equal  to  m  =  0.2  and  m  =  0.5,  idiere  m  -  relative  eccentricity  equal  to  m  =  —  . 

p 

Here  djq  -  absolute  eccentricity; 

w 

P  =  —  “  core  distance. 

F 

Eccentricities  of  compressing  force  were  set  in  plane  of  least  rigidity  of 
samples,  with  respect  to  an  axis  passing  through  center  of  gravity  of  section  of 
sample.  Magnitude  and  sign  of  eccentricity  on  both  ends  of  rod  were  taken  as 
Identical.  Six  rods  of  H-shaped  section  were  tested  for  eccentric  conpresslon. 

Initial  centering  of  rods  before  test  was  done  by  reference  lines  di'ewn 
on  samples  and  supports.  Control  of  initial  centering  was  carried  out  with  help 
of  tensometere  with  base  of  20  mm.  Tensooeters  were  established  in  pairs  on 
edges  of  flanges  in  three  sections  throu^  length  of  rod:  in  middle  of  calculated 
length  and  on  ends  -  at  distance  of  70  mm  from  butt  sections. 


Fig.  7.  Rod  of  H-shaped  Fig.  8.  Rod  of  H-shaped 
sectiwi  during  teat;  flexi-  section  at  moment  of 
bility  A  ~  ?0.  buckling  flexibility  A 

=  50. 

During  centering  ends  of  rods  moved  insignificantly  on  planes  of  supports  so  long 
as  relationship  of  deformations  by  readings  of  tensemeters  did  not  differ  from 
that  given  by  less  than  5  %•  In  process  of  tests  of  rods  tensometere  measured 
deformations  through  length  of  samples.  In  those  places  of  H-shaped  profile 
vfhere  installation  of  tensometers  evoked  difficulty  there  were  glued  wire 
detectors  vritn  base  of  25  mm  (Fig.  8), 

Deflections  in  plane  of  least  rigidity  of  samples  were  measured  in  the  center 
section  (through  height  of  rod)  by  two  deflectometers  of  N.  N.  Maksimov  systemi. 
Deflect cmeters  were  mounted  on  special  stands,  not  connected  to  press.  Measurement 
of  deflections  with  help  of  two  deflectcmeters  connected  Lo  both  flanges  of 
rod  allowed  detection  of  torsion  of  sample.  Readings  on  instruments  wer^  taken 
at  intervals  of  loading  (3-5  t),  decreasing  with  approach  to  critical  state. 
Readings  of  tensemeters  and  deflectcmeters  were  taken  up  to  moment  of  buckling 
of  rod. 


As  crltlcAi  M8  t«k«n  that  load  at  ahleh  dafoniaticna  of  rod  Incraaaad  intansaly 
wlthcMt  Incraaaa  of  load  and  with  Its  ewbaaquant  drop.  Load  on  rod  aaa  datanalnad 
by  125-tQn  soala  of  oanonatar  of  prasa. 

Ganaral  view  of  rods  fixad  on  praas  la  ahoim  in  photographa  mada  in  process 
of  test  and  after  buckling  (Figs.  7  aiKi  d). 

Reaulta  of  teats  of  rods  of  H-ahapad  section  for  eccentric  conpression  are 
given  in  Table  2. 

Experinantal  investigations  for  eccentric  compression,  besides  those  of  rods 
of  H-shaped  4.  :;tl(Mi,  mre  conducted  also  on  rods  of  rectangular  section  from  the 
same  alloy,  AV>T1. 

The  entire  lot  of  samples  of  rectangular  eeetion  consisted  of  six  sei*ies 
(two  samples  each  in  every  series),  differing  from  each  other  by  magnitude  of 
flexibility  in  Interval  X  ■  58  to  114.  Eccentricity  of  compressing  force  urns 
set  in  plana  of  least  rigidity  of  rod,  and  for  all  samples  was  equal  to  m  «  1. 
Geometric  dimensions  of  rods  ars  given  in  Ttable  3* 

Table  3*  Results  of  Tests  of  Rods  of  Rectangular  Section 
for  Eccentrie  Com|nmesion 
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KET:  (a)  Rods;  (b)  GecMtrlc  dimensions  of  section 
in  cm;  (c)  Area  F  in  oir;  (d)  Length  of  rod  in  cm; 
(e)  Flexibility;  (f)  Experimental  data;  (g)  Theo¬ 
retical  stress;  (h)  Error  in  JK;  (i)  PI,  2,  etc: 

(j)  In  kg I  (k)  In  kg/cn2. 


Set-up  a.*id  method  of  tests  of  rods  of  rectangular  and  H-shaped  aectlons  are 


approximately  identical,  festa  of  r-xls  were  made  on  >ti-ton  pr-saa  of  the 
"I oaenhausen"  with  mechanical  drive,  allrartn;^  us  to  sufficiently  accurately 
determine  magnitude  of  critical  load.  Critical  state  tms  fixed  by  lrwerin/» 
of  lever  of  forcemeter  of  press. 

rurint;  test  of  rectanfhilar  rods  for  eccentric  compression,  fiber  deformations 
were  measured  by  lever  tensometers,  and  deflections  were  measured  by  indicators. 


section  during  test;  flexi-  defonrations  for  rod  H6, 
bility  X  =  86.6, 

General  view  of  rod  in  press  at  moment  of  test  is  showAi  in  Fig.  9.  Results 
of  tests  of  rods  of  rectangular  section  for  eccentric  cempression  are  given  in 
Table  3. 

Analysis  of  results  of  tests  of  rods  of  H-shaped  and  rectangular  sections  shews 
that  experimental  data  agree  well  with  the  theoretical.  Thus,  for  all  rods  tf^ted 
difference  between  theoretical  and  experimental  critical  loads  does  not  exceed 

7.8  %, 

Good  coincidence  of  experimental  data  with  that  calculated  indicates 
acceptability  of  assumptions  made  on  basis  of  theoretical  investigations,  and  also 
gives  us  reason  to  consider  conditions  of  work  of  tested  rods  sufficiently  cloee 
to  theoretical  (hinged  nature  of  eupperto  and  absence  of  bending  moment  in  plane 
of  the  highest  rigidity  of  rods). 

On  the  basis  of  results  of  tests  there  were  ccnetructed  graphs  of  deformations 


BiNMurvi  bj  t«Mawt«n  aM  dctacion  on  eonrax  axKl  ccncar*  fibars  of  cantor 
saetlca  of  aooantrieallj  eoipraaaad  roda.  In  Fig.  10  thare  la  praaantad  an 
exaspla  of  fMfii  of  Jlbar  dafoivationa  In  ralatlon  to  load  for  roda  of  H-ahapad 
section  H6.  In  Fig.  11  thara  la  a  graph  of  fiber  defonnationa  for  roda  of 
rectaagalar  aaeticn  FI.  Fran  tbaaa  grapha  it  ia  clear  that  with  increase  of  load 
on  rod  buildup  of  eoapraasiaa  strains  on  eonyax  side  of  bent  rod  gradually  ceased, 
and  da^lofBaat  starts  of  dafor^kations  of  opposite  sign.  On  concave  side  of 
rod  loaded  by  eccentric  force  especially  intense  increase  of  canpressing  deformations 
starts  vitb  replaeeaMnt  of  sign  of  deformations  on  conrex  side.  In  Fig.  12  and  13 
as  an  **f»r***  there  are  giTon  graphs  of  deflections,  constructed  for  rods  of  H- 
shaped  (H6)  and  rectangular  aeetiors  (PI). 


Fig.  11.  Graph  of  fiber  Fig,  12.  Graph  of  deflec- 
defozvations  for  rod  PI.  tion  of  rod  K6  in  the  center 
9  section. 

Comparison  of  coefficients  for  rods  of  rectangular  eection  from  alloy 
AV-Tl  is  shown  in  Fig,  U.  (to  this  figura  by  solid  11ns  is  sham  burrs  calculated 
by  forsulas  (1)  aad  i2U)  of  apprcodaavicn  aothod;  dashed  line  is  'urve  deUxmlnod 
according  to  TU  SH  U3-60.  Circles  of  this  graph  indicate  axperlaental  Ba^tudes 
of  9  ^  obtained  at  TsHIISK  during  test  of  eccentrically  compmseed  rods  of 
rectangular  section. 

Data  presented  in  Fig.  U  show  that  results  detemlnsd  by  fomiUs  of  approxi- 
aation  Bsthod  in  orsrehelBlng  Bajortty  of  cases  agree  weU  with  experiaantal  daU. 


Fig.  13.  Graph  of 
deflection  of  rod  PI 
in  the  center  section. 


In  this  ifork  th^re  was  perforwed 
experimental  check  above-offered  apprcud- 
maticffi  method  for  determination  cf  critical 
forces  on  eccentrically  compresaed  rode 
from  aluminum  alloy  AV-TJ  only.  However, 
shown  method  can  be  extended  to  other 
aluminum  alloys.  For  that  it  is  necessary 
to  kncsf  experimental  diagrams  j— e  of 
investigated  alloye,  and  on  the  basis  of 
their  analysis  to  establish  parameters  of 


idealized  diagrams  with  linear  hardening  utilized  in  calculation. 

4.  Conclusicxis 

On  the  basis  of  conducted  investigation 

there  can  be  made  the  following  coticlusi  jns : 

1)  offered  approximation  method  of 

calculation  founded  on  acceptance  of 

idealised  diagram  o— t  with  linear 

^  ,  hardening  allowed  us  to  obtain  convenient 

Fig.  14.  Comparison  of  coefficients 

for  rods  of  rectangular  section  calculating  forrrulas  for  determination  of 
fror.  alloy  AV-Tl, 

critical  state  of  eccentrically  compressed 
rods  free  aluminum  alloys  in  elastic-plastic  'tage; 

2)  theoretical  results  determined  with  help  of  method  of  approximation  agree 
well  with  sxnex*lmental  data  obtained  during  t'st  of  rods  of  different  flexibility 
(  X  =  40  to  114)  and  with  different  form  of  jroes  section  (H-ehaped  and  rectangular 
section). 
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COLD  RIVETING  OF  BRIDGE  AND  OTHER  BUILDING 
STRUCTURES  FROM  ALUMINUM  AUjOYS 

Yu.  P.  Satayav,  Cand.  of  Tech.  Sciences  A.  A.  Savelyev,  Engineer 

For  bridge,  crane,  and  other  building  parts  such  alloys  as  dxiralumin  Dl-T 
and  D16-T,  avlal  AV-Tl,  and  alumiiiuifl-magneslum  alloys  AMg6  and  AMg6l  can  find 
preferred  use. 

Alloys  AMg6  and  AKg6l  belong  to  those  not  hardened  thermally  and  construction 
from  them  is  expediently  done  by  welding* 

Uy  the  Scientific  Research  Institute  [Nil]  of  bridges  for  a  number  of  years 
there  was  conducted  work  on  study  of  technology  of  cold  riveting  of  structures 
from  alianinm  alloys  with  rivets  of  large  diameters  (16-24iiib).  Present  article 
iUumixuites  resvilts  of  these  wortcs.  More  detailed  data  on  questions  concerning 
different  forms  of  Joints  of  combined  rivets  and  high-strength  bolts,  and  also 
welding,  can  be  found  in  work  of  a  body  of  authors  of  Nil  of  brddges  [2]. 

1.  Manufacture  of  Rivets  by  Cold  Forging 

Selection  of  rivet  material  for  building  structures  was  dictated  by  thermal 
and  ductile  properties  of  different  alloys.  Alloys  Dl,  D16,  V95,  013,  and  V65  were 
checked  for  rivets.  First  three  have  higher  strength,  but  significantly  lower 
ductility  than  alloys  D18  and  V6%  Furthermore,  material  of  this  first  group 
of  alloys  is  well  suited  to  forging  only  in  freshly  quenched  state,  Pereas  after 


nfttuml  It  bac'iMt  brittle,  and  during  formation  of  rirat  hoada,  cracks 

form  on  tha  latter.  HoMerer,  freshly  quenched  state  for  these  alloys  is  kept 
for  only  1*2  hours  after  quenchlBg,  upon  the  expiratio.i  of  which  for  return  of 
ductility  there  is  required  new  heat  treatzoent  -  the  so-called  recovery.  Thez^fore 
appllcaticn  for  rivets  of  alloys  Dl,  D16,  and  V'yi)  requires  very  clear  coordination 
of  operations  of  heat  treatoent  and  the  actual  riveting,  which  nay  cauae  certain 
difficulties  during  nanufactuz^  of  structures  from  aluRduntas  alloys. 

Alloys  D18  andV65sr^  "ee  frc«  these  deficiencies.  'Ihcy  have  high  ductility 
.ai  aziy  themal  i^tats,  inclfidi:^  that  foUcsrizig  ziatural  aging.  Therefore,  applying 
these  alloys,  it  is  possible  to  coapletely  avoid  opez^tiens  for  heat  treatnent 
of  rivets  at  faccory-producer  of  structures  if  he  is  supplied  with  rod  for  rivets 
in  str^e  ifter  quendiizvg  and  aging.  Nomatlve  data  on  basic  mechanical  propez^ies 
and  cuKSitltjns  of  heat  trMtaent  of  alloys  D18  audv63ars  given  in  Table  1. 

Table  1.  Haehaziical  Properties  and  Conditions  of  Heat  Ti'eatownt  of 

Rivet  AUz^s  D18  azvi  V65 
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fCEY:  (a)  Alloys;  (b)  Chai*acteristic;  (c)  UltiBESte 
strezigth  in  kg/^ni2;  (d)  Yield  point  in  kg/m^;  (e) 
Specific  elofvaticn  izi  (f)  Resistance  to  shear 
in  kg^B^j  (g)  Tan.oerature  of  quenchiizg  in  degrees; 
(h)  Duration  of  natural  aging  in  days. 


Investigation  of  rivet  joints  was  mads  on  reda  from  alloys  D18  ozid  V63 ,  having 
diameters  of  20  and  24  am. 

VTlth  the  help  of  special  die  on  lOO-ton  press  there  was  cheeked  forming  of 
backing  heads  of  rivets.  As  basic  types  of  heads  there  wezre  taken  semicircular 
(All-Union  Government  St^zKlcrd  1187'4l)  and  flat-conical,  sonefwhat  decreased  as 
compared  to  All-Union  Government  Standard  1193*-41  (Fig.  1). 


Experiance  of  manufacture  of  rivets 
Bhcnrod  that  cold  forging  of  rivets  with 
flat-conical  head  reqviires  eignificantly 
lees  effort  of  press  than  rivets  with  semi¬ 
circular  head. 

On  the  basis  of  analysis  of  conducted 
experiments  and  also  of  data  of  foreign 
investigations  [3]  there  may  be  reccesnended  foiicwlng  formula  for  determination 
of  force  necesssary  for  forming  of  rivet  head: 

(1) 

i/iiere  Q  -  force  foraing  he*d; 

-  iltinate  strength  of  upset  material; 
d  -  diameter  of  shank  of  rivet; 

K  -  coefficient  depending  ut  form  of  head. 

For  acadcircular  head  K  *  8,6,  for  flat—ccnlcal  K  *  5.7. 

During  formation  of  backing  haad,  rod  is  upeet  and  ccmpletely  fills  hole  of 
die.  For  extrusion  of  rivet  from  die  considerable  efforts  are  necessary;  for  their 
decrease  it  ie  useful  to  give  certain  coni  city  to  hole  of  die,  as  was  done  during 
mass  manufacture  of  rivets  from  allqy  D18-T  for  construction  from  alloy  Dl-T, 

2.  Cold  Riveting  of  Elementa 

Riveting  was  d^e  in  special  attachment  of  bracket  type  of  lOC-ton  press  and 
under  factory  conditions  by  pnexanatic  clamp  witr  80-ton  force.  Fagots  were  riveted 
from  sheets  with  thickness  of  10-20  mm.  Thickness  of  fagots  was  taken  from  20-90 
ram,  idiich  for  rivets  with  diameter  of  20  ma  embraces  all  thicknosaes  encointerei 
in  building  structures. 

Rivets  from  alloys  D18  and  V65  were  piacerl  in  fagots  upon  the  expiratlca 
respectively  of  4  and  10  dayo  of  natural  aging  after  quenching.  Let  us  note  that 


Fig,  1.  Rivets  with  semi¬ 
circular  and  flat-conical  heads. 


if  rivwta  from  thaso  alloya  are  upeat  in  fraahly  quanchad  atata,  plastic  flew 
during  rivating  will  disturb  sceoawhat  nonnal  coursa  of  procass  of  natural  aging 
and  will  decraasa  as  our  axparijnant  shewed,  shaar  strength  of  rivets  by  approximately 
15  %, 

In  Table  2  there  are  given  mean  values  of  efforts  necessary  for  cold  rivating 
of  fagots. 

Table  2.  Magnitude  of  Neceaaary  Efforts  for  Driving  Rivets 
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KEY:  (a)  Grade  of  idvet  alloy;,  (b)  Diameter  of  rivet 
in  m;  (c)  Efforts  in  m  for  fonoaticn  of  locking  head; 
(d)  with  semicircular  head;  (e)  with  flat-conical  head; 
(f)  Cracks  in  head;  (g)  The  same. 


From  table  it  is  clear  that  rivete  fron  alloy  D18-T  for  both  diametere  were 
foraed  without  cracks:  in  rivets  from  alloy  V65-T  there  were  formed  flat®conical 
heads  without  cracks  on  rod  with  diameter  of  20  om. 

Efforts  necessary  for  forming  of  locking  head  and  upeetting  of  shank,  Just  as 
for  backing  heads,  can  be  detemined  by  foxvula  (l).  Coefficients  K  have  to  be 
decreased  here,  since  method  of  upeetting  in  riveted  fagot  are  easier  than  in 
die  made  of  high-btrength  steel,  and,  consequently,  efforts  will  be  relatively 
smaller.  For  semicircular  locking  heads  K  may  be  taken  equal  to  6.7#  for  flat- 
conical  — 5. 


Fig.  2.  Filling  of  fagots  by  rivets  from  alloys  D18-T  (a)  and  V65-T  (b). 


In  Fip.  2  there  la  ehown  filling  of  hole  in  fagot  by  rivet,  >*her©  it  is  clear 


that  during  cold  upsetting  of  rivets  from  aluminum  alloys  (in  distincticsi  from 
hot  riveting  with  steel  rivets)  holes  are  ccmplolely  filled  and  are  even  bulged 
by  rivets.  This  bulging  is  most  noticeable  for  locking  head,  decreasing  towards 
backing.  Good  filling  was  also  obtained  in  fagots  with  thickness  reachijig  4.S 
diameters  of  rivet. 

Everything  said  above  pertains  to  riveting  by  clamp  -  machine  process. 
Meanwhile,  under  conditions  of  assembling  of  metallic  strictures  on  building  site 
rl.-eting  is  usually  done  by  pneumatic  haraaer. 

For  detection  of  possibility  of  assembly  by  cold  riveting  tests  were  conducted 
on  upsetting  by  press  of  rivets  with  heads  of  decreased  dimensione,  shown  in  Fig.  3. 
Aim  of  these  investigations  was  detennination  of  heads  most  useful  for  forming  with 
pneumatic  hammer. 

For  upsetting  of  rivets  with  diameter  of  20  nan  frcm  alloy  D18-T  with  types  of 
heads  shown  in  Fig,  3  there  is  required  apprcodmately  identical  effort  -  near 
30  t. 


'Die  mcst  useful  for  assembling  use  are  rivets  with  decreased  eemiclrcular 
head,  since  with  flat  and  conical  heads  it  is  difficult  to  attain  good  centering 
of  rivet  shank. 

Then  in  institute,  and  also  in  factory  during  manufacture  of  parts  hand 
riveting  with  pneiaaatic  hammers  KM-34  and  Ke-32  was  tested  with  pneumatic  and 
jack-screw  supports. 

Experiment  of  factory  riveting  ohoweo  difficulty  with  forming  during  hand 
riveting  of  flat-conical  or  usual  semicircular  head. 


(CL.) 
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1 —  -W 


III 


Fig.  3.  Rivets  with  small-size  heads  a)  decreased  serlcircular;  b)  cordcal;  c)  flat. 


Significant  eijnpllfi cation  of  hand  riveting  was  realised  change  to  decreased 
semicircular  head.  In  this  case  forming  of  head  took  fran  30  to  60  sec.  Heads 
were  formed  fully  satisfactorily.  Frcm  results  of  experiments  of  Nil  bridges, 
and  also  factory  manufacture  of  structures  there  were  determined  length  of  blanks 
for  rivets  and  length  of  rivets  themselves,  depending  upon  thickness  of  riveted 
fagots,  diameter  of  rivet,  and  tyne  of  backing  and  locking  heads. 

Length  of  blank  of  shank  for  rivet  with  flat-conical  backing  and  the  same 
locking  head  before  riveting  by  clamp,  and  also  length  of  rod  of  unset  rivet  can 
be  determined  by  the  formulas 

ibUnk  '  1-“  "  <2) 

1  rlvrt  ■=  1-1  H  +  1,2  d,  (3) 

where  H  -  thickness  of  riveted  fagct; 
d  -  design  diameter  of  rivet. 

With  flat-conical  backing  and  small  eeodcircular  locking  heads  before  riveting 
by  hammer 

Iblank  "  1-15  «  +  “i 

1  rtvrt  “  d.  (5) 

On  the  basis  of  experimental  work  of  NIX  of  bridges  on  technology  of  cold 

riveting  there  were  cccposed  "Technical  specs  for  manufacture  of  riveted  span 
structures  of  railroad  bridges  frcm  aluminum  alloys,"  which  can  also  find 
application  during  manufacture  of  other  building  parts,  for  instance,  cranes, 
crane  Jibs  and  girders,  rafter  girders,  etc. 

According  to  these  technical  epees  there  was  prepared  in  a  factory  of 
Ministry  of  Transportation  Construction  a  riveted  structure  from  alloy  Dl-T 
with  zlvets  frcm  alloy  D18-T.  Experience  of  manufacture  of  the  structure 
showed  labor-consumption  of  such  operations  as  cutting  sheet  profile,  drilling, 
and  mainly  aasembly  of  aluminum  structures  decreases  as  compared  with  steel 

structures.  Machine  riveting  with  cold  alunlnvBt  rivets  has  lower  labor-comaumption. 


ae  compart'd  with  rlvatlnj'  of  stael  structures  by  hot  stse]  rivets,  sirce  it  does 
not  require  ise  of  heater.  Manual  cold  riveting  is  mv.i^  labor-consuming  than 
hot  iii  steel  structures. 


3.  Streni^th  of  Riveted  Joints  From  Aluminum  Alloys 


For  assignment  of  calculating  characteristics  of  rivet  joints  teats  were 
conducted  for  shear  and  crumpling  of  samples  from  alloys  D16-T  and  D1~T  with 
rivets  from  alloys  D18-T  and  V65-T. 

A  type  of  sample  of  double-she.  r  rivet  Joint  is  shown  in  Fig.  4.  Besides 
double-shear  samples  with  one  rivet  in  half  Joint  there  were  also  tested  single- 
shear  butt  Joints  and  Joints  with  two  and  throe  rivets  in  half  joint.  Tested  also 
were  rivet  Joints  with  diameter  of  rivets  of  24  nan.  Rivets  from  alloys  D18  and 
V65  with  help  of  machine  riveting  were  set  in  samples  after  quenching  and  full 
natural  aging  (respectively  after  4  and  10  days).  Tests  were  made  on  100-ton 
ru  pture-test  machine . 
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Fig.  4.  Sample  for  static 
tests. 

KET:  (a)  Shank,  d  =  20.5  ±  0.2. 


Critical  shear  stress  were  determined 
as  quotient  from  division  of  shearing 
force  by  calculated  area  of  shear. 
Ultimate  bearing  strength  was  taken  as 
quotient  frem  division  of  load  Per  by 
conditional  area  of  crumpling,  equal  to 


product  of  thickness  of  Joint  by  design  diameter  of  rivet.  For  there  was  taken 
load  provoking  first  plastic  flews  at  Joint.  Its  magnitude  for  various  samples 
varied  frem  0.83  P^^  to  P^^, 

Through  teste  on  large  quantity  of  samples  thare  was  determined  ratio  of 


shearing  forces  to  ultimate  strength  of  rivet  material.  Resxilts  of  tests  are 
given  in  Table  3. 


Table  3.  Results  of  Tests  of  Rivets  for  Shear 


/ 

CaitlU  MKJtllOk 

^KtnCpMM*  'TtilkHoe 

*  -  JjlL 

1 

HopMaTMitime  tiii'ir 
MHe  npcaega  npoq- 
mucin  •  Alii' 

/ 

Dprifki.iiic  roniHi 
TNUJi'HK'  cpciy 
■  Ktmtt' 

D]8-T 

0.63-0.7 

33 

19-21 

V6J)-T 

0.56-0,6 

40 

22.5-24 

Dl-T 

‘t.63 

3« 

24 

0.5 

50 

25 

Dl-M 

0.7 

21 

15 

0.75 

26 

19 

KEY:  (a)  Alloys  of  rivets;  (b)  Experimental  value; 

(c)  Normative  value  of  ultiaate  strei^h  in 

(d)  Ultimate  shear  strength  in  kg/ns^. 

The  least  experimental  data  was  obtained  on  crumpling.  Here  it  is  possible 
to  take  ratios  ^  equal  to  2  for  rivets  from  allqy  D18-T  and  1.8  for  rivets 
from  alloy  V65-T.  For  ccmparison,  in  Table  3  there  are  given  analogous  data  on 
shear  for  rivets  from  other  allvys  investigated  by  us. 

From  ccinparison  it  is  clear  that  high-strength  alloy  V95  is  of  little  use  for 
rivets.  In  hardened  state  its  strength  little  exceeds  strength  of  alloys  V65-r 
and  Dl-T,  arvi  in  annealed  state  is  lower  than  strength  of  alloy  D18-T.  Therefore^ 
considering  that  alloy  V95  has  the  worst  corrosion  properties  as  compared  to 
duralumin,  one  should  not  recoonend  it  as  material  for  rivets.  Alloy  Dl-T  does 
not  have  advantages  in  shear  resistance,  as  ccmpared  to  alloy  V65-T.  At  the 
same  time,  its  application  has  significant  tedinological  deficiency,  including  the 
fact  that  rivets  from  it  have  to  be  set  in  construction  only  in  freshly  qusncbed 
state,  i.e.,  no  more  than  2  houre  after  qtienching. 

Thus,  the  most  suitable  material  for  rivets  in  bridge  and  other  building 
parti  from  aluminur  alloys  are  alloys  D18-T  and  V65-T. 

For  comparison  of  strength  of  joints  riveted  by  clamp  and  pneumatic  haaoer, 
in  factory  with  help  of  these  two  forms  of  riveting  there  were  prepared  special 


it  mm  j 


samples  from  alloy  Dl-T  with  rivets  from  D18-T,  results  of  tests  of  which  are  given 
in  Table  U, 


1 


From  the  table  it  is  clear  that  method  of  riveting  did  not  influence  shear 


strength  of  rivet  Joints, 

Let  us  note  that  by  technical  specs  of  designing  of  metallic  structures  of 
certain  countries  (for  instance,  France)  it  is  prescril;ed  bo  assign  different 
allowed  stresses  on  rivets  set  by  clamp  or  pneumatic  hammer.  Our  experience  shows 
that  such  separation  in  aluminum  structures  is  not  evoked  by  necessity,  and  that 


calculated  loads  on  rivets  with  riveting 
as  identical. 


Table  4.  Mechanical  Properties  of 
Rivets  in  Respect  to  Method  of 
Their  Setting 


Form  of  riveting 
and  type  uf  locking 
head 

Average  shear 
stress  ir  kg/.a^ 

Riveting  by 

22.6 

clamp.  Locking 

head,  fl^it-conical 

RjVtfvlng  by 

22 

hamoer.  Locking 

head,  decreased 

semicircular 

clamp  or  pneumatic  hammer  can  be  taken 


Table  5.  Influence  of  Fora  of 
Head  on  Load-Hearing 
Ability  of  Rivet 


Type  of  locking  head 

Average  shear 
stress  in 

kg/nin2 

SesBlcircular 

21.3 

Flat-conical 

22.1 

Small  semicircular 

21.6 

Countersunk 

21.7 

Without  head 

21.2 

Fran  given  experiment  one  may  see  also  that  strength  of  Joint  was  not  influenced 
by  type  of  locking  head.  For  more  precise  determination  of  this  condition  there 
were  conducted  addj* ^ '-seal  tests  on  samples  of  Joints  riveted  by  clamp  fron  alio/ 

Dl-T  with  rivets  Uoy  D18-T  having  different  types  of  locking  heads  (Table  5). 

Shear  stresses  wore  found  approximately  identical  for  Joints  with  different 
types  of  rivet  heads.  The  same  strength  was  shewn  by  Joints  with  rivets  without 
locking  head,  in  which  small  end  (^9  Bin)  of  rivet  shank  pressed  by  effort  of 


clamp  into  riveted  fagot. 


Results  of  exporijnent  show  that  shear  strength  of  rivet  Joints  does  not  depend 
on  type  of  head  and  should  be  taken  into  account  for  all  types  of  heads  as  identical. 
Therefore,  there  is  no  need  in  structures  frori  aluyninura  alloys  to  lower  allowed 
efforts,  for  instance  on  rivets  with  cotmtnrsunk  heads,  as  is  done  in  steel 
structures. 

For  ascertaininr  of  possibility  of  riveting  of  connective  uncalcuiated  seams 
by  non-heat  treated  rivets  there  were  conducted  comparative  tests  of  strength  of 
Joints  from  sheets  of  allov  D16-T  with  rivets  from  alloy  reoulti  which  are 
given  in  Table  6. 

Table  6.  Influence  of  Heat  Treatment  on  Load-Bearing  Ability  of  Rivet 


CoCTMIMf  MKMnOK 
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npoKHOCTM 
9aaA«n0WH0l0  Mft- 
repHljli  9^  »  k/  MM 

CpeiNee  cp«)u 
feiKiure 

NM?  •  a,'  J»M‘ 

i 

'a 

•* 

SaKiJifiniue  h  ecrccTBeKHO 
cocrapCHiiMe  1 

35,9 

22,3 

0,62 

/  TepMHNecKH  o6pa6oTinnbie 
(a  cocTOHHiiH  iiociaaKH)  j 

32,7 

19,1 

0,58 

KET'  (a)  State  of  rivets,  (b)  mtlnats  stz'ength  of  rivet 
material  in  kg/wa^,  (c)  Average  shear  stress  in 

kg  nin2,  (d)  (>ienched  and  naturally  aged,  (e)  Heat  treated 
(in  delivery  state). 

Tests  shewed  that  strength  of  Joints  on  non-heat  treated  rivets  was  17  %  Isas 
than  strength  of  Joints  with  quencaed  and  aged  riveU,  Thsrefors,  apcli cation  of 
non-hsat  treated  rivets  for  uncalculated  connecting  seams  may  be  considered 
pemissible.  For  such  seams  it  is  possible  to  apply  also  alloy  Dl-J<,  results 
of  teste  of  which  were  given  earlier  (Table  3). 

For  investigation  of  uniformity  of  work  of  rivets  during  cold  riveting, 
samples  mre  tested  with  reaietance  detectors.  Samples  had  three  rivets  each 
in  half  Joint,  Results  of  tests  shewed  that  diagm  of  distributicn  of  stresses 
through  length  of  half  Joint  constitutes  almost  a  straight  line.  This  Indicates 
that  each  rivet  tienamits  frcaa  Joint  to  cover  plate  an  identical  effort,  i,e,, 
rivets  work  equally. 


Of  great  value  In  riveting  of  aluminum  alloys  is  question  of  seluction  of  pitch 
of  rivets,  since  small  pitch  sheet,  as  experiment  showed,  can  lead  to  rupture 
of  sheet  during  riveting  cedng  to  significant  bulging  of  hole.  Experimental 
investigations  of  the  Institute  shewed  that  for  Joints  of  sheets  with  thickness 
of  8  mm  and  more  minimum  distance  from  center  of  rivet  to  margin  of  sheet  may  be 
taken  equal  to  2.5 

Besides  purely  riveted  structures  from  aluminum  alloys  in  building  practice, 
riveted-welded  structxires  can  find  application,  i.e.,  structures  with  welded 
elements  and  riveted  assembly  Joints.  Inasmuch  as  these  will  be  structures 
from  nonheat-treated  aluminxmiHnagneslum  alloys,  to  avoid  intereiystalllte  corrosion 
rivets  in  them  also  have  to  be  of  similar  alloy. 

In  Nil  of  bridges  there  were  conducted  technological  and  strength  lnve<-ti- 
gations  of  Joints  %d.th  rivets  of  20  mn  diameter  from  alloy  AMg6  with  ultimate 
strength  of  37.6  yield  point  of  17.6  kg/Bm2,  specific  elongation  of  20,5  %• 

Technological  testa  of  rivete  showed  that  good  flat-conical  head  will  be  formed 
for  rivet  from  alloy  AMg6  where  effort  of  press  is  45-50  -t. 

Shear  testa  of  rivets  showed  average  shear  strength  23.6  kg^m^.  Ratio 
—  =  0.63,  i.e.,  close  to  other  alianinum  alloys  already  investigated  by  us. 

In  conclusion  let  us  note  that  complex  of  works  conducted  by  Institute  of 
Bridges  for  the  study  of  technology  of  cold  riveting  and  strength  of  riveted  Joints 
started  by  laboratory  tests  and  continued  imder  factory  conditions  during  manu¬ 
facture  of  riveted  structures,  shews  that  at  this  time  all  data  for  assimilating 
of  aluminum  alloys  in  the  most  diverse  riveted  building  parts  is  available. 
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NODAL  JOINTS  OF  TUBUUR  ALUMINUM  TRUSSES 
I.  V*  Levitanskiy^  Engtnaar 
1.  ApDlicatlcR  of  Tablng  In  Ai»«»<wim  Stnictures 

Practical  application  of  aluninum  tubular  strueturaa  is  still  extremely  limited 
owing  to  small  volume  of  application  of  alunintSD  alloys  in  structures,  and  cwing 
to  wide  possibilities  of  obtaining  of  closed  profiles  of  other  fora*  However, 
it  is  possible  to  give  a  number  of  examples  of  use  of  tubular  sections  in  designs 
and  actual  structures  [1]. 

High-strength  aluminum  tubing  has  all  advantages  of  a  thin-walled  metallic 
ring,  but  has  and  specific  peculiarities  (as  compared  to  steel  tubing): 

a)  hi^  local  and  overall  strength  of  tubular  rod  has  especially  important 
value  for  material  with  law  elastic  modulus; 

b)  cylindrical  tubing,  as  ccmpared  to  other  closed  profiles,  is  the  most 
universal,  has  been  adapted,  and  may  be  prepared  with  thiimer  wall; 

c)  extruded  tubes  are  cheaper  than  pressed,  closed  profiles  and  not  much  more 
expensive  than  open  profiles;  but  drawn  and  rolled  (thin-walled)  tubing  is  consider'- 
ably  more  expensive. 

Thus,  important  advantages  of  high-strength  aluminum  tubes,  as  compared  to 
other  profiles,  give  us  all  bases  for  their  use  in  lattice  building  parts. 


Just  as  those  of  steel,  aluminum  tubing  is  most  expediently  applied  in  wslded 
structures.  According  to  practice,  the  most  pracitable  field  of  application  of 
aluminum  tubes  in  the  near  future  should  be  considered  tubular  structures  of  light 
and  medium  type,  i.e.,  with  application  of  extruded  or  rolled  tubes  with  diameter 
to  150-2i>0  mm,*  Structures  of  heavy  type  with  application  of  large  dimension 
profiles,  including  welded  tubes,  obviously,  will  be  applied  in  the  future,  taking 
iiito  aceoimt  the  experience  in  light  structures. 

To  the  number  of  insufficiently  developed  questions  retarding  application  of 
tubular  structures  pertain  ^  nstructional-technological  solutions  of  nodal  Joints. 

let  us  consider  the  frequently  encountered  in  light  structures  (of  trusses) 
adjoining  of  strut  to  boom  at  a  certain  angle  reccnmended  is  a>  30**).  Joining 
can  be  both  by  direct  and  by  transiticxi  elements. 

Direct  Joining  of  Tubular  Strut  to  Tubular  Boom. 

Joining  is  distinguished  by  structural  simplicity  and  mindmum  expenditure  of 
mstal  and,  is  frequently  applied  in  steel  tubular  structures. 

Joinirtg  has  a  number  of  deficiencies: 

a)  ends  of  struts  are  processed  by  milling  or  boring,  and  removal  of  campfer 
is  done  manually;  theee  operations  strongly  appreciate  construction; 

b)  technology  of  welding  requires  keeping  of  very  small  gaps  -  from  0.5  to  1,5 
mm,  idiich  are  2  times  less  than  gaps  allowed  for  steel;  such  tolerances  require 
heightened  accuracy  of  manufacture; 

c)  the  welded  seam  cannot  be  coneidered  butt,  since  it  is  impoi  sible  to  ensure 
backing  or  penetration  of  root  of  se«n.  Furthermore,  on  separate  sections  wall 

of  strut  narrows  significantly  (Fig,  1,  b  and  c),  and  on  csid;ain  sections  welding 
is  hampered  (Fig.  1,  c). 


^All-Union  Government  Standard  1947-*56  on  tubes  from  aluminum  and  aluminum 
alloys . 


All  those  circumstances  for  aluminum  alloys  still  have  greater  value  than  for 
steel  and  can  significantly  worsen  quality  of  Joining,  since  fillet  weld  is  weaker 
than  butt  weld  and  welding  tool  is  of  little  use  for  welding  in  almost  inaccesible 

places.  Deficiencies  of  quality  of  seams 

are  somewhat  compensated  by  increase 
of  their  length.  By  English  standards 
calculated  length  of  joining  of  tubular 
strut  and  boom  (Table  l)  depends  on 
relationship  of  diameters  D2  and 

Fig.  1.  Joining  of  strut  of  and  on  angle  of  inclinaticm  of  strut 

tubular  truss  to  boom 

and  changes  within  limits  (with  respect 

to  perimeter  of  strut),  shown  in  Table  1. 

d)  tubular  boon  under  struts  is  deformed,  where  this  deformation  may  be 
extremely  nonimifom  and  evoke  overstrain  on  separate  sections  of  joint.  Necessary 
thickening  of  wall  of  boom  contradicts  basic  requirement  -  thinness  of  walls  of 
tubular  rod.  Local  thickenings  and  strengthening  significantly  complicate 
considered  light  structures; 

e)  along  with  different  rigidity  of  boom,  within  limits  of  connecting  seam. 
Joining  is  characteristically  by  sharp  transitions  of  section  and  areas  of  concen- 
traticai  of  stresses.  Cembination  of  sections  of  rigid  joint  (and  ccvisequently, 
heightened  stresses)  with  areas  of  concentration  can  lead  to  local  rupture  of 
material.  Shewn  peculiarities  can  be  altered  with  change  of  ratios  of  diameters 
and  angle  of  inclination  of  strut  and  boon;  some  of  deficiencies  are  thereby 
smoothed  away,  and  some  -  are  strengthened. 

The  very  same  can  be  said  about  varieties  of  this  joint  -  about  joinings  of 
tubular  strut  to  plane  and  longitudiiwil  fashion  to  boom.  For  these  joints 
technology  of  manufacture  is  simplified. 


Tabls  1.  Calculated  Length  of  Seam  of 
Joining  Tubular  Strut  to  Boom 


Joining  of  Tubular  Strut  to  an 
Indeed  Gusset. 
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KEY:  (a)  Ratio  L2;Di;  (b) 
Ratio  of  calctilated  length 
of  seam  to  perimeter  of 
strut  at  a  =  30  to  60®. 


Such  a  joint  is  technologically 
simpler  than  the  preceding;  required 
clearances  all  much  easier  to  maintain, 
welds  are  full  value  fillets  and  can  have 
necessary  length.  For  these  reasons  nodes 
on  gussets  are  applied  rather  widely  and 
frequently  serve  as  basis  for  assembly 
Joints. 


But  joints  on  gussets  lead  to  over>«xpendlture  of  material  and  evoke  nonunlform 


work  of  sections  of  rods  within  limits  of  nodsc 


In  work  [2]  it  is  shoom  that  one  incised  gusset  gives  coefficient  of  concen¬ 
tration  of  stresses  K  »  2.26  at  H  :  D2  >  1>  where  H  -  depth  of  Incision  of  gusset 
in  strut.  It  is  obvious  that  there  are  no  bases  to  expect  for  aluninum  alleys 
a  smaller  concentration  of  atres*«es« 


On  been  gusset  is  fastened  on  upper  generating  line,  i.e.,  actual  deformed 
part  of  tubing,  and  also  creates  areas  of  concentration  in  boon. 

Thus,  consideration  of  node  joints  applied  in  light  tubular  strujtures  shews 
both  their  imperfection  and  impracticability  in  general,  and  also  specific 
peculiarities  of  aluminum  structures  as  compared  to  steel. 

For  steel  tubular  structures  at  present  there  are  no  definite  conditions  on 
calciilaticvi  of  nodal  Joints.  Thus,  in  English  and  German  norms*  it  is  suggested 
that  one  consider  direct,  transverse  joints  of  tubing  with  tubing  wslded  by  fillet 
weld,  and  only  with  special  proofs  (test  of  joints  D2  :  >  3/3,  and  others) 

can  weld  be  considered  butt.  Length  of  seam  here  is  taken  according  to 


♦Appendix  1  (1953)  to  English  norms  BS-449  (1948);  DIN-4115,  light  steel  and 
tubular  parts  in  above-ginjurd  construction. 


abov»“indic«.tod  ralationahips. 

r>uiin|?  calculation  of  beam  syatenia,  there  are  considered  only  longitudinal 
efforts  with  equal  distribution  through  connecting  seams  and  support  sections  of 
beams.  In  many  cases  this  prerequisite  can  significantly  differ  from  real  work 
of  nodal  joints. 

Of  decisive  value  is  strength  of  welded  seams  in  direct  joinings  of  closed 
tubular  sections. 

Above-indicated  constructional-technological  deficiencies  allow  us  to  pose 
question  of  development  of  certain  new  types  of  joints  and  of  study  of  real  work 
of  tubular  Joints  in  reference  to  aluminum  structutes  of  light  type. 

One  of  means  of  development  of  new  joints  is  application  of  plastic  deformation 
of  tubular  sectione,  “niis  means  is  possible  because  majority  of  weldable  aluminum 
alloys  recoensended  for  application  in  building  parts  are  quite  ductile  (e>  15  ^), 

and  it  is  important  because  it  does  not  lead  to  building  of  structures. 

During  development  of  nodal  Joints  with  plastically  deformed  sections  of 
tubular  beams,  it  is  necessary  to  fulfill  the  foHcwing  conditions  (in  preservation 
and  increase  of  strength  of  Joints): 

a)  deformation  must  not  evoke  appearance  of  cracks; 

b)  one  should  avoid  plastic  flow  in  direction  of  principal  work  of  material; 

c)  transiticjn  of  sections  should  be  smooth  in  avoidance  of  significant  local 

bend; 

d)  deformation  should  be  executed  in  cold  state,  which  is  the  most  acceptable 
for  enterprises  manufacturing  building  parts; 

e)  deformatiwi  should  simplify  technology  of  manufacture  and  welding  of 
structures. 


2.  Plastic  De formative  of  Tubular  Sections 
Ijet  us  ccMisider  flattening  by  flat  dies  of  section  of  aluminxxm  tubing  (Fig.  2). 
In  first  stage  (before  straightening  of  wall  under  dies/  there  are  true 


dependencies  for  concentrated  forces,  and  plastic  flow  Increases  faster  under  dies. 
But  after  straightening  of  these  sections,  further  bulld-up  of  plastic  flew  wxil 
go  Into  lateral  B  sections. 


Fip.  2.  Piagram  of  deformation  of  annuJ\)s.  -  mean; 
n  =  ^xt;  f’H  s=  int;  mct  =  true;  H  =  neut. 


In  A  sections  under  dies  In  first  stage  following  geosietrlc  relationships 
will  take  place: 


Pneut  (since  r;S  >  5) 


R  - 


'ext.  int. 


=  +. 


Pneut 


-  + 


S 


Pneut 


R  - 


■2R  -  S' 


(1) 


(2) 


Here  p^eut  “  neutral  siu'face;  at  r  :  S  >  5  It  Is  equal  with  sufficient 

accuracy,  to  mean  radius; 

*ext,  Int.  •*  8p«clflc  elongation  of  external  and  Internal  fibers  of  wall  ring; 

R,  r,  S  -  parameters  of  annular  section. 

From  given  depereience  It  Is  clear  that  for  aaterlal  with  “  0.15  to  O.IP 
relationship  r  :  S  >  6  to  7  Is  necessary  so  that  under  die  def orsatlons  are  not 
disruptive  (Table  2). 

Actually,  shown  region  excludes  only  thick-walled  tubes  for  which  plastic 
forming  is  inexpedient. 

In  B  sectlcns  following  relationships  will  take  place: 


Pneut  ^ext.  ~  2 

N _  ^  N(1  -  rj/)  (8«e  [6]). 


(3) 


2a 


true 


Table  2,  Data  of  Testa  of  Tubular  Samples  for  Plane  Flattening 

(ciw 


(a) 


a 

u 


-AMg6 


AMg 


AMg3-V 


AV-Tl 


<bX 

n 


6. 6/0. 3 

8/0.3fi 


7/0.-jr) 

11/0.23 

I0..3/0.1 

M.H/0.7 


8/0.4 

9/0.8 

11/0.3 

II/0.6 


8/0.4 
11/0.6  , 
9.5/1.25^ 


n 

A 

K 

O: 


0.30 

0.4.'i 


0,.'l 

O..*! 

0,8 

1.16 


0.91 

I.Ot 


1.63 

1.13 

1.41 

1.4 


0.65 

t.S 

0.55 

1.2 


o.as 

1.5 

2.4 


1.46 

1.51 

1.41 

1.35 


2.01 

2.24 

1.42 


2.43 

2.60 


6.52 

5.4 

5.65 

4,57 


m 


13.0 

13,9 


4.6 

6.4 

5.1 

0.8 


4.72 

5..55 

5.17 

5.4 


8.6 
11.2  , 
5,46^ 


5.6 

6.6 

4.5 

9.5 


^(f) 

"4J  I 

f*  - 


3.9 

4.8 

6.9 


.31 

.33.4 


25.3 

25.6 

25.1 

21 


(k) 


.12.3 

20.2 

30.2 

20.8 


22.5 

16.4 

14 


ir,..3-17..5 

18.7-20 


15 

13.7- 21.2  j 

18.7-  21 .5 
19-26 


TetHAAOTMa 


Rolled 


Extruded 


12,5-22,5 

16,9-24 

20-22 

23-28 


Rolled 

Extruded 

Rolled 

Extruded 


11- 15 
16-21 

12- 14 


Rolled 

Extruded 


Note:  die  aanqple  of  AV-Tl  %«lth  dloenalon  95  x  12.5  im  broke 
under  die. 

KEY:  (a)  Alloy;  (b)  Tubing  2  R  S  in  cm,  (c)  R^  ^ 

(d)  a  :  2  Rg^t?  ^  theor,  in  %,  according  to  measured;  (f) 
e  certified  in  %}  (g)  Method  of  manufacture  of  tubing. 


where  C  -  displacement  of  neutral  axis  under  influence  of  moment  and  normal  force 

(in  this  case  -  compressing),  since  in  limiting  stage  *“  ^true  “  ’*  ^di”  " 

-  (Fig.  2); 

true  -  brue  stress  in  material  given  degree  of  deformation,  true  “  ^l(  ^  true 


f2(' )»  ' 

-  radius  of  external  surface  of  tube  on  lateral  B  sections  between  dies. 

Let  us  find  plastic  flow  of  external  fibers  of  B  section  of  ring  (tube) 

''ext  ~  ^plast  def  (ext)  ^init  ext^  (4) 


where  -  initial  deformation  of  outer  fibers  of  wall  during  manufacture  of 

tubing,  here  =  0. 


'plast  def  (ext) 
S 


R- 


^ext  "  ^inlt  def  (ext)  = 


f’neut 


2R  -  3 


RS  2CR  -  S 

(2R  -  3)(Rext  -  I  +  C) 


Rneut 


(5) 


During  derivation  of  formulas  It  was  asavoned  that  thickness  of  wall  does  not 
change  in  process  of  plastic  flow. 

Thus,  by  given  formulas,  knowing  specific  elcngatlon  of  given  material  during 
simple  extension,  there  can  be  found  limiting  radii  of  cur/ature  of  external  layer 
of  wall  of  tube  in  B  sane,  and  by  these  radii  -  and  degree  of  plane  flattening  of 
tube  with  given  external  diameter  and  thickness  of  wall.  Moreover,  In  first 
approximation  it  is  possible  to  consider  C  =  0.  In  this  case  calculating  formulas 
are  ccmslderably  simplified: 

_  S  S  _  2S(R-R^) 

plast  def  (ext)  “  -  S  “  2R  -  S^“  *(2R^  -  S)  (2R  -  S) 

With  sufficiently  plastic  material  and  thin  wall  there  can  be  obtained 

considerable  deformation  of  cold  flattening  without  causing  rupture  of  material. 

In  this  woz^  during  carrying  out  of  experimbntal  investigations  there  was 
carried  out  plane  flattening  in  cold  state  of  a  large  quantity  of  samples  of  tubes 
fron  various  weldable  alumln\m  alloym  (with  help  of  flat  dies)  for  the  purpose  of 
clarification  of  conformity  of  actual  results  to  the  above  >  mentioned  dependencies, 
and  also  deV  rmlnation  of  change  of  mechanical  properties  of  material  in  deformed 
zones 

On  these  samples  at  mocent  of  appearance  of  cracks  there  were  measured  degree 
of  plane  fl  teni'  and  limiting  radii  of  curvature. 

Types  of  samples  and  certain  results  of  tests  are  given  in  Table  2.  Test 
samples  are  shown  in  Fig.  3. 

On  the  '  asis  of  consideration  of  results  of  tests  there  can  ba  made  foUcaring 
conclusions. 

1)  Preliminary  conclusion  is  confirmed  ccnceming  small  magnitude  of 

disp'aceownt  of  neutral  layer  C,  ccstposed  cf  4  to  9  ^  of  thickMSs  of  wall;  an 
exception  is  alloy  AMg,  where  we  were  unable  to  correctly  fix  since 

formation  of  cracks  did  not  occur. 

2)  CdBparlson  of  magnitudes  of  «  and  «  shows  small  divergences, 

which  are  explained  by  follcwing  factors; 


a)  heteropeneity  of  metal  is  great,  giving  us  wide  scattering  of  mechanical 
properties; 

b)  measurement  of  radius  of  curvature  R«xt  insufficiently  accurate  (radii 
were  measured  by  template); 

c)  actually,  thickness  of  wall  in  critical  place  does  not  remain  constant,  but 
IS  changed,  where  on  the  side  of  stretched  fibers  it  decreases,  and  on  the  compressec 
side  it  is  increased;  introducticm  into  calculating  formula  of  decreased  thickness 


will  give  us  lowering  of  <  which  will  lead  to  bettor  cr^.vergence  of  results 

the  less  is  T^xt- 

d)  much  influence  on  degree  of  deformation  is  rendered  by  character  of  treat¬ 
ment  of  tubing  during  manufacture  -  extrusion  or  rolling.  Since  measured  dcformatiori 
is  directed  across  axis  of  tube,  for  extruded  tubes  it  should  be  less,  and  for 
rolling  -  greater  than  certified  relative  deformation,  measured  along  axis  of 


Fir.  J.  Plane-,  termed  samples 


3)  Cemparison  of  critics;  radius  of  'jr-.-atui~c  wiuh  degree  of  flatceninr 

of  pipe  -  a__,*:  r-  -  snows  tnat  deformation  of  wail  of  Investigated  section 

■  ^  ent  ext 

does  not  follow  the  arc  of  a  circ-c,  't’.‘  a  cur/e  f  parabolic  tyre,  haring  at  its 

vertex  — — ;  for  all  ailovs  frer.  ik.g'  v  tc  nV-fi  ratio  a  .  ^  constitutes 

ext 

fn-r-  I.IS  to  2.  If  cne  were  to  give  section  of  wall  between  H  section  and  cie  tne 


i.e.,  there 


Bd 


3n 


^crit 

contour  of  arc  of  circle  with  R  -  R.^  /.Ht*  t.hen  a  =  2fi  > - , 

ext  crit* 

can  be  obtained  eignificantly  greater  flattening  without  increase  of  degree  of 
deformation.  (In  all  cases  a  -  distance  between  dieS;  acrit  ~  at  moment 

of  appearance  of  crack:  see  Table  2).  After  straightening  of  section  under  die, 
its  bend  is  possible  inside  cavity  of  tube;  for  obtaining  of  flat  wall  in  separate 
cases  it  is  necessary  to  a|:^ly  limiting  inserts. 

On  the  whole  coincidence  of  calculated  and  certified  data  can  be  considered 
satisfactory,  which  allows  us  to  reccesnend  this  method  for  assignment  and  control 
of  flattening  of  metallic  tubing. 

Simultaneously  with  destructicn  of  samples  during  plans  flattsning,  part  of 

analogous  samples  was  deformed  10  %  less  (coefficittr.t  1.1  is  characteristic  for 

similar  operations )  and  metal  frcm  different  plastically  defonesd  sones  was  subjected 

to  standard  mechanical  tests  with  determination  of  yield  points  and  strength, 

specific  elongation,  and  reducticn  of  area  (Table  3)* 

Table  3.  Results  of  Mechanical  Teste  of  Metal  of  Plane- Flattened  Samples:  of 
Certificate;  Type  a  -  From  Straightened  Section  Under  Die,  Type  b  -  From 
Section  of  the  Greatest  Deformatian,  in  ?  of  Certificate  Data 


a) 

(b) 

np*if  j 

tT»Te.pcrM 

Orwm 

Tatum 

Ttauf4>r 

TpyftM 

CcV* 

(<i>^ 

TgJWKa- 

•* 

*0J 

i  • 

♦ 

(g) 

ti)* 

% 

• 

• 

•  i 

•  ! 

«  { 

•  1 

« 

1 

AMg 

15.2 

!l.9 

16.9 

58.6 

89 

89 

94 

104 

113 

92 

103! 

96 

80x3.5 

17.! 

12.9 

19  .3 

48.6 

!06 

105 

:=39 

^9!  9! 

1081 

112 

AMg5-V  70X2.5 

3!. 8 

30.8 

15 

27.1 

104 

103 

lOS 

10? 

90 

97 

iOf. 

104 

110x3.5 

30  8 

18.8 

15.8 

1 0^ 

10! 

109 

95 

84 

99 

95 

105x4 

31 

18.2 

30.9 

.33.7 

iC8 

*02 

113 

113 

90 

89 

II4V7 

?9.3 

r7.2 

36.9 

41.P- 

lOf 

93 

114 

110 

6? 

38 

9-2 

/\M  gfc  80  <  4 

35.6 

!8.1 

N.7 

ICO- 

it;  2 

1C8 

111 

/  i 

1)6 

UXi 

ltO.3 

.35  3 

17 .2 

ii  1 

2'. 4 

9-! 

9  i 

9- 

91 

83 

— 

_  I!0X6 

34.6 

17.2 

26. 1 

33.3 

ro3 

102 

!2I 

i2is 

83 

64 

88 

HD 

•hV— Ti  g»v4 

33 

30 

12  5 

4f.k' 

98 

UV3 

93 

l.'O 

76 

97 

80 

110x6 

28.: 

24.4 

2t).6 

4? 

iO.- 

>16 

10? 

123 

84 

88 

Jtote.  Ail  tests  were  conducted  on  sai^les  with  1  ■  75  ■*» 
section  of  10  SB  X  S;  each  result  was  obtained  as  atrarage  of 
2-6  results. 

ICST;  (a)  Alloys  and  eection  of  (t.}  Certificate 

data;  (c)  Ultimate  strength  point  sq  2;  (®' 

Specific  elongation;  (f)  Reduction  i  *  ^-ea;  (g)  (h) 

In  kg/»2;  (i)  Tjj, 


Results  of  these  inves titrations  alltsr  us  to  affirm  that  on  the  whole  static 
tests  sheared  preservation  of  mechanical  properties  in  direction  of  ^cneratint-,  line, 
as  cewpared  to  certificate  data.  Tlius  is  confirmed  the  premise  that  with  eit^ifi- 
cant  (1*)  %  and  more)  plastic  flows  in  one  direction  in  the  other  direction  the 
luetal  in  great  measure  preserves  its  elastic  properties. 

Basically,  scattering  of  characteristics  does  not  exceed  12-1:/  which  for 
aiundnum  alloys  is  the  usual  phencmenon. 

In  detailed  consideration  it  is  possible  to  note  increase  of  yield  point.  0.2 
and  lowering  specific  elongation  «,  In  this  case  these  changes  can  not  be  considered 
dangerous,  since  they  are  insignificant  at  ultimate  dot^rees  of  plastic  flew.  It 
is  possible  that  these  changes  might  show  up  better  during  the  st  idy  of  vibration 
strength  of  analogous  joint. 

7nus,  cne  nay  assieae  that  defonnation  of  increase  of  curvature  of  wall  of 
tubing  frcE  different  aluainua  alloys  is  quite  possible  within  significant  limits 
vitrj  preservaticn  of  mechanical  properties  in  axial  direction, 

-rith  specific  elongation  «  15  to  18  i  straightening  of  wall  of  pipe  is 

possible  at  R  :  S  >  o  to  ?,  i.e.,  besides  thick-wailed  tubes),  as  is  flattening  tn 
ri..r.itude  of  (5-10)  S, 

rn  the  basis  of  above-stated  considerations  for  further  investigations  there 
were  iclectcd  types  of  clastic  flew  of  sections  of  tubes  (Fig.  4). 


a<r 


Fig.  4.  Pifferent  forrj  of  snaping  of 
sect  ion*  of  tut-u'.sr  rod 3. 


type  4“1  ~  diagonal  flattening  of  end  of  strut  for  direct  Joining  to  boon; 
types  4-2  and  4—3  -  flattening  of  slotted  ends  of  struts  to  gusset; 
type  4-4  -  flattening  "to  square"  of  section  of  boon  at  place  of  Joining  of 
struts . 

All  these  types  of  shaping  can  be  carried  out  on  the  simplest  dies  and  saws. 
Introduction  of  these  operations  instead  milling  should  oe  considered  a  technological 
simplification.  Simultaneously  in  nodes  with  application  of  types  of  rods  4-1 » 

4-3,  and  4-4  there  are  significantly  improved  welding  conditions. 

On  large  quantity  of  tubes  from  alloys  AMg,  AMg5-V  AMg6,  and  AV-Tl  (Table  2) 
with  the  help  simplest  devices  (development  of  improved  devices  did  not  enter  into 
our  problem  there  were  carried  out  all  types  of  shaping  shewn  in  Fig.  4. 

In  Joint,  of  types  4-1,  4-3,  and  4-4  basic  directiens  of  plastic  flow  and  force 
influences  in  beam  are  mutually  perpendicular. 

In  sample  of  type  4**2  plastic  flow  coincidef  with  direction  of  application  of 
power,  but  does  not  attain  critical  values  (constituting  to  6%  instead  of  12-1 

All  types  of  samples  used  ensure  hensetic  sealing  of  internal  cavity  of  pipes 
without  additional  expenditure  of  material  and  traneitioo  of  sections  is  carried 
out  quite  smoothly,  which  is  also  obligatory  condition.  Hewever,  no  carparative 
investigations  of  form  were  made,  and  therefore  one  should  expect  that  for  different 
diameters  and  thicknesses  of  wall  there  can  be  found  the  best  dependence  both  for 
those  used  and  for  other  types  of  shaping  by  flattening. 

Type  of  molding  with  plane  flattening  of  end  of  tubing  was  not  investigated 
further  in  view  of  evident  unfavorable  form  of  transition  of  section. 

Characteristic  dimwisicns  in  each  of  the  types  of  samples  were  designated 
accordinp  tc  the  following  considerations: 

type  4-1  01  =  45*^  in  cennection  with  further  inveetigatior.  nodes  with  ar,gle  of 

joining  of  struts  is  4fi®.  After  flat  cut  and  I'ecoval  of  chamber,  no  additional 
tilaiaing  of  Joint  is  required  ; 


typas  k-2  And  4-3  -  length  of  cut  is  assigned  because  equal  strength  of 
welded  fillet  seam  depends  on  thicknesa  of  wall  (height  of  seam)  and  can  constitute 
(l.‘)-2)  D  of  pipe  work.  In  work  [2]  it  is  indicstsd  that  with  depth  of  incision  of 
one  >nisset  1^  ’  D  distribution  of  stresses  docs  not  depend  oi^  these  magnitudes.  With 
certain  caution  (since  in  work  [2]  there  are  given  experimersts  with  ursdefonned 
tubing  and  in  this  case  one  may  assuB.e  that  specificity  of  results  will  not  depend 
v-n  diameter  of  tube  and  length  of  incision,  but  thickness  of  wall  can  have  the  most 
i;;.pcrtant  value.  In  sampl.8s  4-2  cut  was  made  flat,  but  with  bend  of  ends  of  cut 
tc  gusset  (both  in  these  samples  and  also  iri  samples  4-3)  application  is  necessa27 
of  limiting  inserts,  giving  prescribed  form  with  respect  to  elastic  resistance; 

type  4-4  -  in  deforaed  section  there  is  formed  a  square  with  rounded  edges, 
length  of  section  is  designated  as  necessary  for  joining  of  stiiits  (in  our  case 
mm).  With  ratios  «  =  15  to  18  D  :  S  >  14,  and  safety  factory  of  deformation 
1,1  there  nay  be  found  site  for  welding  of  struts  with  width  of  0,57  D,  and  with 
respect  to  neighboring  sections  of  transition  to  rounaed  surface  -  with  width 
V . ,8  D  • 

Following  stage  of  investigation  was  experimental  determination  of  strength 
cnaracteristics  of  beam  samples,  including  types  of  molding  shewn  in  Fig.  4. 

1.  Determination  of  Strength  Characteristics  of  Tubular  Beam  Samples 

All  beam  samples  were  designated  for  tests  for  axial  static  loads.  In  reality, 
as  was  shown  by  subsequent  works  of  the  author  [33*  in  beams  of  tubular  aluminum 
sj-aleir^  there  can  exist  significant  bending  racments,  but  study  of  their  influence 
on  buam  samples  did  not  enter  into  our  assignment. 

We  Med  samples  (Table  4)  were  prepared  fran  alloy  AMg6  applicable  to  struts  of 
a  tubular  girder.  Diameter  of  tubing  was  80  X  4  nan  (Fq  =  V.65  cm^;  =  3,5^^ 
Kg/>n.‘^,  =  1,860  kg/cm^). 

i  1  -  simple  incision  of  gusset  6  =  8  mm  in  tube;  M2  -  M4  -  incision  with 


forming  of  end  of  tube  into  types  4-2  and  4-3  (distinction  between  samples  K2 
and  M3  -  in  width,  ccmplotely  flattened  section  -  20  and  55  nm).  In  gusset  there 
was  !ri&de  a  cut  of  2C  nrm,  so  as  not  to  weaken  support  section  of  tubing; 

K5  -  shaping  as  per  type  4-1  and  welding  to  slanting  flange.  For  these  sample 
testing  scheme  does  not  correspond  ccctplotely  to  work  in  real  structures,  since 
rigid  flange  replaces  compliant  boor.  However,  to  realize  actual  conditions 
turned  out  to  be  difficult. 

In  samples  >!1~M4  length  of  incision  was  determined  oy  calculation  of  equal 
strength  of  longitudinal  fillet  weld  (see  section  2)  and  constitutes  155  nan. 

In  samples  K2-K3  transverse  fillet 
welds  give  us  a  reserve  of  strength 
(subsequently  [3]  it  was  clarified  that 
these  seaifis  can  also  be  includ»i  in 
calculation,  decreasing  thereby  dimensions 
of  gusset). 

Samples  had  length  from  1,000  to 
1,260  nsn  and  were  assembled  and  welded 
on  special  jig  (Fig.  5).  Welding  was  done  manually  with  tungsten  electrode  in 
stream  of  argon.  Filler  material  was  AKg6  wire  with  diaxaeter  3  am.  In  all  throe 
were  prepared  two  bilateral  samples,  which  allcwed  us  to  obtain  four  results. 

On  gussets  there  were  made  centering  holes  with  diameter  of  50  mm,  thraugh  which 
with  help  of  rollers  and  coupling  rods  samples  were  secured  in  clamps  of  FU-200 
pi^ss. 

Samples  were  tensile  tested,  since  for  such  joints  of  all  static  loads  the 
most  dangerous  is  stretching.  Certain  samples  (Table  4)  were  strain-measured  in 
elastic  stage  with  help  of  strain  gauges  wj.th  base  of  10  nm  at  characteristic 
points  of  support  sections.  Load  was  applied  by  steps  of  6,  9>  and  11  tcais,  where 
yield  point  cf  material  was  17.9  tons  and  ultimate  strength  was  35.2  tons. 


Fig.  5.  ^ig  end  attachment  for 
assembly  of  beam  axKi  nodal  samples. 


Table  k»  Data  of  Tests  of  Welded  Tubular  Daniples  for  A.xial  Extension 
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KEY:  (a)  Sketch  of  sample  and  gluing  of  detectors;  (b)  Points  of  measurements;  (c) 
Variation  factors  of  deformaticais  due  to  stresses  in  kg/csc^;  (d ) <7  ^  Sample /cr^  material 
(e)Lc»rering  of  strength  sample  o  material  in  %. 


*  Deformations  significantly  higher  than  yield  point. 
Detector  No.  2  did  not  work. 


Roading^j  i«era  recorded  on  chart  through  i^ocordlng  device  of  press,  After 
rupture  of  me  of  the  ends  of  each  sample,  to  remaining  end  there  wits  joined  a 
special  clamp  L3]  and  aamplt.  ms  ruptured  finally. 

Consideration  of  data  in  Table  k  allows  us  to  note  the  foIloNing, 

1)  Smaller  coefficients  of  concentration  were  shewn  by  samples  M2  and  M4 

(k  -  1.4  to  i.5),  larger  by  M3  (k  =  2.5).  In  sample  Ml  there  was  noted  ccncentration 
k  1.85.  In  sample  M5,  at  point  2,  we  were  unable  to  measure  deformation. 
Coefficients  of  concentration  are  somewhat  conditional,  since  measurements  were  made 
at  distance  of  9-11  mm  from  butt  of  gusset,  but  for  sample  Ml  coefficient  1.85 
is  near  to  coefficient  2.26  for  analogous  sample  of  plastic  [2].  Actually 
coefficients  of  concentration  characterise  also  irregularity  of  application  of 
force. 

2)  Elastic  loads  for  tested  Joints  were  Icwered  insigiificantly  -  froD  1  to 
11  %,  Loss  of  strength  with  respect  to  basic  material  much  greater:  for  amp].ee 
Ml  -  M4,  3  -  33  for  samples  M5-24  Samples  of  types  Ml  and  M4  from  tubing 
with  diameter  of  50  X  4  mm  (alloy  AMg6), tested  at  TsNIISK  [Central  Scientific 
Research  Institute  of  Structural  M&rtej  in  I960  [4]^  showed  the  same  lowering  of 
strength  (41.4  and  395^  respectively).  It  is  necessary  to  note  that  in  these  samples 
of  gussets  did  not  have  notch,  but  slot  in  pipe  butt  of  gusset  was  not  welded  (’rlth 
welding  by  semiautcroatic  machine,  samples  of  type  Ml  showed  lowering  of  strength  of 
apprQX±nately  16^,  which  requires  additional  check). 

3)  Sections  of  beginning  of  inipture  of  samples  completely  corresponded  to 
concentrators  of  stresses  of  elastic  statre  of  work. 

Samples  M1-M4  ruptured  from  butt  of  gusset  acroes  support  section,  samples 
M5-frcm  point  2  partially  through  seam,  partially  across  section.  Rupture  of  all 
samples  (besides  first  speciman  of  types  Ml  and  M3)  was  accompanied  by  large 
defoiTnations;  samples  shown  in  parenthsses  wnre  fractured  brittle  even  under  light 
loads,  since  during  installation  of  detectors  there  were  erroneously  sawn  saams 


at  beginning  of  gussets,  and  thereby  a  sharp  cut  was  fomed.  Certain  types  of 
ruptured  samples  are  shown  in  Fig.  6, 

Of  the  considered  welded  samples  all  tested  types  of  Joints  nave  lowered 
strength.  But  this  is  exnlained  bv  various  causes.  Sample  K5.  with  quality  butt 
weld,  indisputably  could  show  higher  strength.  Difficulties  in  welding  of  closed 
sections  without  auxiliary  welding  of  rowt  of  seam,  inherent  to  aluminum  alloys, 
showed  up  during  tests  of  nodes  with  direct  joining  of  tubular  struts  to  boom 
(including  nodes  with  joints  of  type  [,3j),  where  strength  of  joint  constituted 
(on  lowering  of  strength  a  greater  influence  was  rendered  by  considerable 
oending  monents).  For  this  reason  joint  of  type  Mi)  may  be  c..nsidered  an  improvement 
over  simple  joint  (see  Fig.  1)  nd  can  oe  recccmended  for  further  study  and 
application. 

Samples  M1-M4  gave  us  lowering  of  strength  due  to  organic  deficiency  - 
ncnunifonn  work  of  material  in  critical  ••cction  in  tne  presence  on  sections 


of  overload  of  areas  of  concentration  of  c tresses.  As  was  shown  in  section  2, 
results  obtained  can  be  considered  charat  teristic  and  independent  of  dlaoeter  of 
tubinf;  and  depth  of  incision  (at  H  >D}. 

Uf  the  considered  samples  the  most  nonunifonn  transmission  of  force  for  Joint 
is  M3,  but  this  type  of  Joint  may  be  recommended  for  assembly  Joints  (assembly 
bolts  on  a  wide,  flattened  part),  a,id  it  should  not  be  ignored. 

Joint  Ml  occupies  intermediate  position,  but  still  requires  hermetic  sealing 
of  internal  cavity.  Therefore,  joint  M2-M4,  showing  best  results,  should  be 
considered  improvement  over  usual  Joint  through  gusset,  all  the  more  so  since 
gusset  may  be  decreased  by  introduction  into  calculation  of  transverse  fillet 
weld,  whereby  cavity  of  tubing  is  clooed  without  additional  expenditure  of 
material. 

Expressed  c^siderations  do  not  speak,  of  course,  in  favor  of  Joints  on  gussets 
such  Joints  for  light  tubular  structures  should  be  considered  ir:practical.  They 
have  been  used  so  long  only  because  of  relative  simplicity  of  technological  opera- 
tions  and  good  quality  of  welded  seam. 

In  spite  of  significant  lowering  of  strength  for  tested  samples  M1-M5  from 
alloy  AMgb,  ratio  of  yield  point  to  ultimate  strengtn  does  not  exceed  0.7,  for  which 
there  are  no  bases  for  lowering  of  calculated  resistances  [5j: 

Samples  flattened  to  square  in  middle  (see  Fig.  4)  in  quantity  of  5  pieces 
were  prepared  with  following  of  typical  dimensions;  ADI  -  110  X  5  (l);  AMg5-V- 

-110X2.5(2)  .  105  X  4  (3),  .•  114  X  7  (4);  AMgo  -  .  •UOX6(5).  They  were 

tested  for  axial  compression.  Purpose  of  test  was  to  clarify  load-bearing  ability 
of  such  rods  and  possibility  of  their  application  as  elements  of  boom  in  tubular 
trusses.  Compression  for  such  samples  is  the  most  damaging  load  and  can  therefore 
well  characterize  work  of  beam.  Length  of  samples  was  6CX}  sm;  length  of  flattened 
section  was  250  cm. 

Data  of  test;  allows  us  to  make  follcwing  conclusions: 

l)  breaking  loads  are  8-5''  Icwer  than  strength  of  basic  material,  where  the 


lowest  results  were  for  samples  with  thin  wall;  No.  2  -  %,  No.  3  -  37 

2)  rupture  of  all  samples  was  caused  by  local  buckling  of  wall  on  transition 
portion  of  sections.  Certain  samples  are  shcam  in  Fig.  7. 


Deficiency  of  investigation  is  iow 
number  of  tested  samples,  Samples  of 
this  type  are  equivalent  in  strength  to 
above-considered  connections  of  tubular 
st.-ats,  they  improve  technological  effi¬ 
ciency  forming,  assembly,  and  welding, 
and  can  be  fully  reranmended  for  appli¬ 
cation  in  real  structures.  Research  should 
be  COTitinued  for  improvement  of  fonr. 
of  transition  of  section  and  calculation  of 

Fig,  7,  Ruptured  samples 

of  tubular  beams  with  center  influence  of  wall  thickness.  It  is 
flattened  "to  square," 

possible  that  with  small  wall  thicknesses 
cuch  type  of  forming  will  become  impractical,  which  would  confirm  results  of  tests 
V  f  sample  No.  2, 

In  conclusicn  one  should  note  that  main  problem  of  question  posed  here  is 
in r. reuse  of  strength  of  joints  in  nodes  of  tubular,  light  welded  trusses  fror, 
aluminum  alloys,  Basic  causes  of  lowering  of  strength  are  lew  quality  of  sear., 
ve retrain  in  direct  Joints,  and  irregularity  of  work  of  material  in  gusset  Joints. 

For  liglit  structures  it  is  impractical  to  ccrplicate  Joints  with  flanres, 
paired  gussets,  diaphragms,  and  others.  Best  means  is  working  out  of  strength  of 
airect  joints  with  regard  for  technological  efficiency  of  manufacture  and  economy 
of  .T,aterial.  One  of  such  attempts  is  this  investigation. 

The  offered  ‘oints  for  tubes  from  aluminum  alloys,  not  lowering  strength  of 
'ypes  of  nodal  Joints,  improve  tecnnologicai  efficiency  and  conditions 
cf  we..ung  without  over-expenditure  of  r^itcrial. 
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l)r.'  VIBRATION  STii'.NOTH  OF  RlVF.TEb  JOINfO  FROM  DUIiALUMIN  ANT 
AIIIMINUF-MAGNEGIUF'.  ALLOY 

N.  I.  Novozhilova,  Cand.  of  Tech.  Sciences 

Lon^;  experience  in  exploitation  of  metallic  railroad  bridges  shcseed  that  one 
of  the  most  imoortant  characteristics  of  Joints  of  elmonts  of  steel  span  structures 
IS  their  vibration  strength.  Therefore,  studying  possibility  of  applicatiori  in 
cridges  of  aluminum  alloys,  it  is  necessary  to  thoroughly  check  their  strength. 

In  this  article  there  are  given  data  on  strength  of  duralumin  -  themvally 
hardened  aluminur.  alloys,  the  moat  useful  for  riveted  span  structures,  and  non- 
tnermally  -  hardened  aluminum-magnesium  alloy,  which  may  be  used  in  welded  ana 
rive ted -welded  span  structures. 

ns  far  as  we  Know,  both  in  native  and  also  in  foreign  literature  there  is  no 
irfo-TAtion  about  strer.gth  of  aluoLinua  Joints  with  rivets  of  large  diameter  (Ib- 
^  ran).  Availatle  data  concern  tne  basic  strength  of  small  samples  fr'jr;  aifferent 
aium.i.Ma:.  alloys.  Th  >se  works  were  conducted  in  VIAH  [Ail-Union  Scientific 
i-.ese.ircn  Institute  o:  ^v.ation  Materials j  li],  iJ31  [Leningrad  ’'Order  of  tne  Red 
Banner  of  Labor  ronst ruction  Engineering  Institute j[ 2 j,  and  Mosccer  Aviation 
.■e<  n.-.o] oi?-y  Institute  [MAri]  L3j»  '*♦).  Tne  Latter  extensive  Investigations 

•  .  r  c.  grenip  <.  f  ooil(i,>.(  .  n  ie!:ership  of  p.' jinssor  I.  V,  oei'em-jr. 


t  ~aiip.:.e  strength 


‘  iluminxE  alloys  V95  acd  I’lS 


depending  upon  method  of  their  production  and  manufacture  of  parte.  Large  place 
is  given  to  method  of  setting  up  of  tests  and  methods  of  treatment  of  their  results 
on  the  basis  of  contemporary  statistical  concepts. 

Fran  foreign  investigatiaie  of  interest  are  experiments  of  Graf  t5j,  Hcwell 
and  Miller  [6j.  In  work  of  Hunter  and  Friche  [7]  there  are  investigated  causes 
of  formation,  development,  and  interaction  of  fatigue  cracks  in  alvninum  alloys. 
Metallographic  observations  of  the  authors  showed  that  fatigue  cracks  start  to  form 
in  very  early  stage  of  loading,  and  fatigue  limit  depends  basically  on  factoie 
ctxinected  with  appeai'snce  of  cracks,  but  not  with  th«ir  growth.  ITie  phwcnenon 
was  noted  of  time  stabilisation  of  iatlgue  cracks  with  sharp  lowsring  of  limiting 
stresses  of  the  cycle.  Temporary  stopping  of  growth  cf  small  cracks  was  observad 
also  after  achieveownt  by  them  of  certain,  definite  dlmenaions. 

In  article  by  Smith  [8]  there  la  offered  method  of  determination  of  fatigue 
limit  of  atructares  froa  aluminum  allcgra  by  given  values  of  coefficiaots  of  concen¬ 
tration  and  conditions  of  loading,  which  are  applicable  to  aircraft  building. 

Results  presented  in  present  this  article  of  fatigue  tests  of  riveted  Joints 
frcm  duralumin  Dl-T  and  alvadnum-magnesium  alley  AMg61  with  rivets  from  alloys 
D18-T  and  765-1  are  continuation  and  development  of  investigations  of  strength  of 
aluminum  alloys  started  by  Nil  [Scientific  Research  Institute]  of  bridges  in 
1V58  [9]. 

Method  of  tests  contains  no  essential  distinctions  froB  that  created  through 
long  experience  for  testing  of  strength  of  steel  eamples  and  Joints  encountered 
in  steel  spen  stintctures  of  bridges. 

Magnitude  of  fai(.igue  limit  of  aluminum  alloys  is  taken  for  determination  on 
significantly  larger  base  than  for  steel,  on  order  of  (20-500)  10^  cycles.  Certain 
data  [2]  attest  to  analler  extent  to  point  of  fracture  of  fatigue  curvet  of 
aluslnva  alloys,  ccmpiled  on  a  base  of  (4-5)  10^  cycles. 

In  described  experiments  ultiamte  fatigue  limit  of  alvsilnw  alloys  «ms 


Table  1.  Characteristics  of  Samples 
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KEY:  (a)  fio.  of  senes;  (b)  Designa  t- 1.  vn  series;  (c) 

Fora  of  sample;  (d)  Static  characteristics  of  material • 
(e)  Yield  point  in  kg/raa^;  (f^  Ultimate  jcrength  in 
SET  ;  if)  Specific  elongation  in  %•,  (h)  StaxKl^-d  samples 
from  whole  aetal,  alloy  Di-T;  (i)  Rireted  joints  from 
allov  Dl-T  with  rivets  from  alloy  Dli=i-T;  (j)  Standard 
saa^les  from  whole  metal,  alloy  AMgbl;  (k)  Riveted  joint* 
from  alloy  iMgol  with  rivets  from  /65-T;  (l)  Holes  fo. 
bolls . 


In  each  series  seven  samples  were  tested  with  variaole  load. 

Standard  samples  of  senes  No.  5>  were  cut  from  extruded  tees,  standard 

samples  of  series  No.  bO  -  from  pressed  strip.  Both  series  of  samples  wire  tested 
on  press-puisat or  .pOM-PJ-IOC  wit.h  frequency  of  pulsati(X'=  of  3^4  cycle  per  minute 
with  characteristic  of  cycle  p  *-  O.iS.  Hore  precise  definition  of  effective 
stresses  was  produced  by  electrical  resistance  detectors  or  sample  of  series 


No.  IncroAse  of  atresaea  during  dynamic  work  of  sample  constituted  10/ 

on  oscilliograrih.  Therefore,  in  final  values  of  fatigue  limits  for  standard 
samples  of  series  No.  55  and  60  we  considered  dynamic  coefficient  of  increase  of 
stresses  equal  to  1.1.  Dynamic  character  of  application  of  load  renders  influence 
and  on  magnitude  of  characteristic  of  cycle.  This  magnitude  was  set  according  to 
loads  of  scale  of  dyn^imometer  of  press. 

For  considered  samples  characteristic  of  cycle,  calculated  according  to 
d:.Tiainic  stresses,  constituted  0,073  instead  of  that  designated  in  the  beginning 
of  w.2o. 

In  Fig,  1  thf^re  are  presented  straight-line  regressions  of  standard  samples 
of  series  No.  55  and  oO  in  comparison  with  earlier-obtained  results  for  samples 
from  alloy  D16-T  without  concentration  and  with  concentration  of  stresses  [VJ. 

'>i  the  sane  graph  *here  are  plotted  straight-line  regressions  of  samples  from 
Ic'W-alloy  steel  of  grade  15KhSND  with  concentration  and  without  concentration  of 
stresses.  From  comparison  of  them  with  analogous  straight  lines  for  alloy  D16-T 
is  possible  to  see  that  duralimdn  is  less  sensitive  to  concentration  of  stresses, 
especially  in  region  of  small  quantity  of  cycles.  Standard  samples  from  alloys 
!  1-r  and  riMgbJ  showed  low  coefficients  of  correlation  -  respectively  -  0.564  and 

with  large  scattering  of  experimental  points.  Fatigue  limits  calculated  with 

/ 

prchability  of  19/1  for  samples  on  base  of  2  X  10^  cycles  without  calculation  of 
I^Tuicic  coefficient  constitute: 

for  alloy  Dl-T  . .  13.06  +  2  X  0.39  kg/mm^; 

for  alloy  Al'gol . 10.6  +  2  X  0.3^  kg/mm2^ 

Rupture  of  standard  samples  occur«d  in  working  part  or  in  place  of  transition 
fr  m  working  part  to  clamp.  Fatigue  ci^ks  started  frcm  ribs  of  sample  or  from 
cefects  in  the  form  of  scratches,  dents,  and  burrs  on  its  surface.  Zone 
of  level :;pin8nt  of  fatigue  cracks,  as  a  rule,  is  great  and  in  relief  differs  frcm 

zone  of  firial  rupture.  This  distinction  is  more  clearly  expressed  on  samples 
of  series  No.  60. 


Of  greatest  interebtare  tests  of  saaples  of  series  No.  56,  copTlng  full-size 
Joint  of  vertical  wall  of  element  of  planned  and  built  structure  (see  Table  1). 
Joints  were  made  under  factory  conditions;  id  vets  of  20  diameter  from  alloy 
D1l-T  were  set  by  clamp  in  cold  state. 


Fig.  1.  Comparison  of  strength  of  samples  from 

light  all(^  and  of  steel  15KhSND 

KEY:  (a)  Special  designations;  (b)  Dl-T;  (c) 

D16-T  standard;  (d)  D16-T  with  hole;  (e)  AMg6l; 

(f)  Steel  ISKhSND  standard;  (g)  steel  i^KhSND 
with  hole;  (h)  Number  of  cycles. 

For  installation  in  press  of  sashes  changes  were  prepared  for  it  Joined  on 

high-strength  bolts  with  preliminary  tension.  Samples  ware  tasted  at  characteristic 

of  cycle  of  0.026  on  press-pulsator  T80N-FU-200  with  frequency  of  application  of 

load  of  244  cycles  per  minute.  General  view  of  sasqple  with  clasfjs  in  press-pulsator 

is  presented  in  Fig.  2.  For  these  samples  we  obtained  coefficient  of  correlation 

equal  to  0.787.  Fatigue  limit  on  base  of  2  X  10^  cycles  was  equal  to  6.70  +  2  X 

X  0.21  kg/nn^  without  regard  for  dynamic  coefficient.  Kagnitude  of  the  latter  by 

readings  of  oscillograph  on  detectors  of  sample  of  series  No»  56-7  constituted  1.31* 

Characteristic  of  cycle  of  stresses  in  process  of  wor4c  of  Joint  under  vibration  load 

was  changed  from  given  P«  0.026  to  P  *  0.071. 

Results  of  tests  of  samples  of  series  No.  56  are  depicted  on  graph  (Fig.  3)> 

where  there  are  presented  experimental  points  and  straight-line  regreasions  in 
ccmparieon  with  results  obtained  for  rivet  Joints  from  alloys  Dl-T,  D16-T,  and 


Of  hifthest  stront^th  are  riveted  Joints  fran  alloy  Di6-T,  very  lowest  - 
Joints  fran  alloy  AMgbl.  It  is  necessary  to  not©  that  comparison  here  is  very 
approximate,  inasm\ich  as  results  presented  on  figure  pertain  to  samples  having 
various  dimensions  and  uo  those  tested  during  ucmewhat  varied  characteristics  of 
cycle  (from  U.02o  to  O.l.l)  on  various  pulsators.  Only  joints  and  sizes  of  rivets 
set  in  cold  state  are  identical.  Of  seven  samples  of  series  No.  ;)6  six  ruptured 
on  first  row  of  rivet  holes.  Fatigue  cracks  as  a  rule,  start  from  edges  of  one 
cr  both  holes  and  develop  along  them  forming  through  thickness  of  sheet. 

Shortly  before  rupture  on  sheet  of 
three  samples  of  this  series  (Nos.  2,  5, 
and  6)  there  was  noted  slight  mobility 
of  cover  plates  on  one  side.  After 
cutting  of  these  cover  plates,  along 
transverse  rcws  failures  of  rivets  were 
revealed  in  one  cut;  10  in  first  three 
rows  from  one  end  of  one  cover  plate  of 
sample  of  series  No.  56-2 j  6  in  two  rows 
fran  both  ends  of  one  cover  plate  of  sample 
of  series  No.  56,5,  and  6  in  two  rows 
fran  one  end  of  cover  plate  of  sample  of 
series  No.  56-6,  sustaining  2  X  106 
cycles  of  loadings  without  failure  of 
sheet.  Last  of  shewn  samples  with  remaining  intact  rivets  was  tom  by  static  load, 
•iivets  here  snowed  high  shear  stresses,  not  yielding  to  normative  (  ’  av  ~  20.8 
kg/ram*^).  One  of  naif-sheets  of  sample  of  series  No.  56-6  was  also  tom  by  static 
load  and  shewed  in  corr.jTarison  with  initial  characteristics  of  material,  lowered 
:..et,nanical  properties.  This  is  explained  by  the  fact  that  in  its  cross  section  on 
place  of  contact  of  sheet  with  end  of  cover  plate  there  was  a  fatigue  crack,  not 
reveaieu  ufon  completion  of  fatigue  tests.  Consequently,  in  this  sample  fatigue 


Fig.  2.  General  view  of 
sample  of  riveted  joint  of 
series  No.  56  in  press- 
puisator. 


limit  of  sheet  coincided  approximately  with  fati^^e  limit  of  rivets. 


In  Fig.  4a,  there  is  presented  break  of  one  of  rivets  of  sample  of  series 
No,  %-2  magnified  twice.  From  imaining  parts  of  six  ruptured  rivets  of  this 
sample  we  prepared  round  Gagarin  samples.  Tests  of  them  shewed  significant  work 
hardening  of  material  of  rivets.  Increase  of  yield  point  of  rivets  of  first  row 
constituted  approximately  50/;  of  second  rew  -  40/  in  comparison  with  yield 
point  of  still  unworked  factory  rivets. 


Fig,  3.  Strength  of  rivet  joints  from  duralumin 
Dl-T  and  1)16-T  with  rivets  from  alloy  D18-T  and 
joints  from  aluBiinum-nagnesium  alloy  AMg61  with 
rivets  from  alloy  V65-T 

KEY:  (a)  Special  designations;  (b)  Dl-T;  (c) 

D16-T;  (d)  AMgol;  (e)  Arrows  indicate  unruptured 
samples;  (f)  Numbers  of  cycles. 

In  1958  experiments  [9]  an  attempt  was  made  to  estimate  shear  strength  of  rivets 
from  alloy  D18-T  and  to  compare  it  subsequently  with  strength  of  analogous  rivets 
from  alloy  V65-T.  This  problem  is  more  difficidt  and  indefinite  than  that  for 
chock  of  strength  of  samples  from  whole  metal,  since  strength  of  rivets  depends 
on  greater  number  of  factoie  than  strength  of  sheets.  Along  with  factore  determining 
strength  of  the  latter,  of  influence  here  is  shrinkage  of  fagot,  degree  or  filling 
of  hole  and  its  bulging,  possibility  of  failu co  of  joint  outside  rivets.  Blanks 
for  samples  were  made  of  low-alloy  steel.  This  circumstance  also  affected 
magnitude  of  fatigue  limit  of  rivets,  but,  obviously,  produced  a  reserve  of  strength. 
Inaaznuch  as  rivet  from  alloy  V65“T  was  suppossed  to  have  been  tested  in  the  same 
blanks,  the  cemparative  data  on  two  series  of  rivet  material  were  fully  comparable , 


Under  these  conditions  samples  with  rivets  Iren  alloy  f)!;;-!  \if)on  shear  fracture 

of  rivets  showed,  with  respect  to  dynamic  coefficient,  averar;G  Talif^e  limit  of 

0,7  with  characteristic  of  cycle  P-  O.ij. 

For  rivets  of  sample  of  series  No.  loaded  with  resf<?cl  to  dynamics  up 

to  -  JJ  X  i.Jl  =  i*3.3  t,  shear  stresses  constitute 

^Wx  43»3C>-* 
srrj  2  X  U  A  3.14 

^  492  Iq’/cffi'^, 

where  F3  -  area  of  cut  of  rivet; 

n  -  number  of  rivets  in  half  of  cover  plate. 


Fi^,  4.  Fatigue  fracture  of  rivet. 

a)  sample  of  series  No.  o)  from  allr<y 

I'ld-T. 


if  we  consider  irregularity  of  distribution  of  efforts  enu  to  end  and  more 
rigid  conditions  of  tests,  as  compared  to  thor>e  at  fati'  io  1  u.-.it  of  rivets 

was  deteiTuined,  then  it  lecofTies  evident  that  f.ra*  rows  of  rivets  w  rked  unner 
stresses  close  to  fatirue  limit,  which  was  cause  of  Lneir  failure.  Certain  role 
could  be  played  here  by  unfavorable  coarse-grained  structure  of  material  of  rivet 


(Fir.  4a ) ,  which,  apparantly,  waa  reault  of  inaccurately  consiatent  conditiona 
of  their  heat  treatment. 

However,  fractures  of  rivets  noted  here  in  samples  of  series  No.  J>6  in  form 
differ  frcm  fatirue  fractures  obtained  earlier  in  rivets  from  alloy  D18-T,  one 
of  which  is  shown  in  photorraphy  of  Fir.  4b.  Here  longitudinal  fatigue  cracks 
are  quite  conspicuous  spreading  deeply  into  body  of  rivet.  In  rivets  of  samples 
of  series  No.  56  such  cracks  were  not  observed.  It  is  possible  that  shown 
distinction  is  connected  %rith  difference  in  material  of  sheets  of  rivet  joint. 

Rivet  joints  of  series  No.  61  from  alloy  AMg61  were  tested  by  varied  load  with 
characteristic  of  cycle  of  P-  0.13  on  pulsator  PTM-Pu-lOO  at  frequency  of  324 
cycles  per  minute.  In  spite  of  the  fact  that  all  of  them  were  suppossed  to  fail 
on  sheet,  and  reserve  on  cover  plates  constituted  nearly  10!i,  three  of  the  seven 
samples  tested  in  this  series  failed  on  cover  plates.  Fatigue  cracks  started  here 
from  edges  of  rivet  holes  in  internal  cover  plate,  and  in  one  of  samples  they  were 
transferred  from  cover  plates  to  rivet  heads,  on  one  of  which  edge  broke  away,  and 
on  a  second  a  noticeable  rent  was  formed,  as  is  shewn  in  Fig.  5.  Transition  of 
fatigue  cracks  from  cover  plates  to  rivet  heads  indicates  monolithic  nature  of 
Joint  obtainable  in  process  of  cold  riveting.  It  is  necessary  to  note  that  in  other 
tested  samples  of  riveted  joints  from  aluminum  alloys  such  failures  were  not  observed. 


Fig.  5.  Fatieue  crack  in  sazuple  of  riveted  joint  of  series 
No,  Ol. 


Cov«r  plates  opposite  those  ruptured  of  above- Indicated  samples  wez*e  tom 
by  static  load  and  sheared  sharp  Icarerinp  of  ductile  properties  of  material  of 
cover  plates  in  process  of  vibration.  Thus,  as  compared  to  initial  state,  lowering 
of  specific  elongation  constituted  70-dOf.. 

r>urin^  static  load  tests  in  cover  plates  surviving  after  vitsraticBi  small  zones 
'f  fati^me  wore  also  revealed,  not  revealed  upon  cnnpletion  of  vibration  tests. 

liwinc  to  deficiency  of  material,  samples  fractured  on  cover  plates  were 
reiaired  by  means  of  setting  of  new  cover  plates  with  thickness  of  12  nr  from 
alloy  Dlo-T  of  known  higher  strength,  thanks  to  which  destruction  of  these  samples 
on  cover  plates  was  ccnnletely  excluded.  Durability  of  these  samples  by  sheet 
was  determined  as  sum  of  cycles  before  rupture  of  cover  plates  and  before  rupture 
of  sheet. 

Average  magnitude  of  dynamic  coefficient  for  samples  of  this  seiues  constitutes 
1.2.  Characteristic  of  cycle  during  vibration  varies  fran  0.13  to  0.03d. 

Ccefficient  of  correlation  of  samples  destroyed  by  sheet,  -  0,88o.  ^atirue 

on  base  of  2  X  10^  cycles  without  dynamic  coefficient  is  equal  to  2  X 

-  •  /  2 

rupture  of  consider^  samples  occured  on  first  row  of  rivet  holes,  here  ruptures 
rivets  fror.  alloy  Vb5-T  were  not  observed. 

''atigue  tests  conducted  in  19oC  of  rivets  from  alloy  Vd5-T  by  method  described 
jLi  -.e  for  rivets  free  alloy  ri8-T  sheer  higher  results.  Thus,  tentatively  determined 
I'ati  ue  limit  ol  rivets  from  alloy  Vo5-T,  taking  into  account  dynamic  coefficient 
exceeds  kg/inr'^  with  large  sc-ittering  of  experis'mtal  poi.nts.  Fracture  of 
r:vet„  :n  foro  is  similar  tc  fracture  presented  in  Fig.  4a.  Fatigue  cracks  cn 
...•-•■.Ti,  surface  of  tody  cf  rivets,  as  tr.is  is  depicted  in  Fi.c.  4b.  -J"-  rivets  ;'.''v'rr. 
a.  ■ -T  were  rot  observed. 

'..'.e  Lasis  of  obtauiec  experimental  data  iv,  work  of  Nil  i  Lrta^cs  there 


are  offered  norms  of  coefficients  1  of  lowerin/?  of  stresses  during  variable  load 
for  riveted  span  structures  of  railroad  bridges  from  aluminum  alloys.  In  our 
country  such  norms  have  so  far  not  been  developed.  A  broad  calculation  oi 
altemation  of  load  in  structures  front  aluminum  alloys  in  most  cases  is  generally 
not  made.  In  norms  of  the  United  ..tateu,  l-lnjOaxui,  ;m>i  Krancr-  there  are  rather 
scanty  indications  about  calculation  of  strength  for  structures  experiencing 
significant  quantity  of  cycles  of  load  changes  [llj. 

In  basis  of  norms  of  Nil  of  bridges  there  is  given  a  method  of  B.  N.  Puchinskiy, 
Cand.  of  Tech.  Sciences,  recccsnended  by  him  for  calculations  of  strength  of  welded 
joints  of  steel  span  structures  of  railroad  bridges  [12],  [13J.  Coefficient 
is  determined  by  this  method  as  function  of  magnitude  not  only  of  characteristic 
of  cycle  but  also  of  )  -  effective  coefficient  of  concentration  of  stresses 
and  of  C  -  coefficient  of  conditions  of  change  of  load.  In  general  fora  the 
formula  of  B«  N.  Duchinukiy  for  calculation  of  coefficients  i  for  allowed  stresses 
has  the  form 
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where 
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['I  -  basic  allcsmd  stress  in  strength  calcujaticii; 

3  1  -  fatigue  limit  during  symmetric  cycle; 

/I  t  -  safety  factor  for  strength; 

3,  -  ultirate  strength. 

Following  values  of  coefficients  •  were  obtained  of  lowering  of  stresses  during 


variable  load  for  riveted  joints  of  railroad  span  structures: 


Fran  alloy  L'l-T 
from  alloy  AMgol 


1.3-  If 


2.1  -  l.6» 


(2) 

(3) 


F^rlier  thor«  were  calculated  magnitudes  of  'i  for  riveted  joints  from  alloy 
Plo-T: 

J 

^  2.7  2.2p  ’  (A) 

they  can  be  analogously  obtained  for  rivets  frcm  aluminur;  alloys.  Among  the 
invefctigated  alloys  the  highest  values  of  coefficients  7,  close  to  those  which 
are  taken  for  low-alloy  steels,  belong  to  duralumin  Dl-T. 

As  a  result  of  fatigue  tests  of  Joints  fron  duralumin  on  rivets  from  alloy 
I'lB-T  and  Joints  from  aluminum-magnesium  alloy  AFgbl  on  rivets  from  V65-T,  we 
can  make  following  conclusions. 

1.  l-uralumin  Dl-T,  quenched  and  naturally  aged,  possesses  higher  strengtr 
than  duralumin  Dlo-T  of  heightened  strength.  For  pressed  profile  from  Dl-T  ratio 

of  fatigue  limit  during  symmetric  cycle  of  stresses  to  ultimate  strength  constitutes 
'J  -  0.17,  as  ccDipared  to  0.11,  obtained  for  rolled  plated  sheets  of 
I:lo-T. 

Fatigue  lirdt  of  samples  without  concentraticn  of  stresses  frcin  alloy  Dl-T 
on  case  of  2  X  10^  cycles  with  characteristic  of  cycle  of  0.073  ccmstitutes 
il.3t)  kg/mm^,  taking  dynamics  into  account. 

2.  Fatigue  limit  of  samples  of  riveted  joint  of  structure  made  from  alloy 

Cl-T,  during  rupture  of  sheet,  takinsr  dynamics  into  account,  constitutes  rf.V7  kg/mm^ 
or.  base  of  2  X  10^  cycles  with  characteristic  of  cycle  0.071,  or  over  t  of 

strength  of  basic  material.  Vibration  strength  of  such  a  Joint  is  deteminod  by 
strength  of  basic  material.  Vibration  strength  of  such  a  Joint  is  determined 

ly  strength  of  rivets  free:  alloy  DIS-T. 

j .  nluminum-magnesium  alloy  AMgoi  in  vibration  strength  is  near  to 
duralamln  ri6-T.  ilius,  fatigue  limit  of  samples  without  concentration  of  stresses 
fr;T  pressed  strip  of  A>'.gol  on  base  of  2  X  10“^  cycles  with  characteristic  of  c'^cle 
of  constitutes  11. o:?  kg/nr:^,  taking  dyXiamic  coefficient  into  account.  For 


that  alloy 


0.16. 

•* 

U.  Fatif:ue  limit  of  samples  of  riveted  Joints  frcm  alloy  AMg6l  irl^h  cold-set 
rivets  with  diairiCter  of  20  mm  from  alloy  V65-T  upon  nipture  of  sheet,  taking 
djTtamifS  into  account,  constitutes  6.6  kg/nur/^  on  base  of  2  X  10^  cycles  with 
characteristic  of  cycle  of  0.036,  or  nearly  57?  of  strength  of  basic  material. 

Under  these  conditions  vibration  strength  of  cover  plates  with  thickness 
of  6  mm,  cut  from  waU  of  pressed  girder,  turned  out  tj  be  Icawred  by  10?. 

5.  In  process  of  fatigue  fracture  development  is  observed  of  several  fatigue 
cracks  in  the  most  stresses  sections  of  sample.  Fracture  occurs  through  the 
shortest  distances  between  separate  cracks  in  weakened  sections,  and  it  is  most 
frequently  disposed  in  more  than  one  plane.  Separate  fatigue  cracks  outside 
fractur '  can  not  appear. 

6,  Cn  the  basis  of  experimentally  fixed  fatigue  limits  of  samples,  in  this 
work  there  were  calculated  coefficients  of  lowering  of  allowed  stresses  for  rue t- res 
elements  working  under  sign-alternating  and  varying  loads  of  riveted  span 

of  railroad  bridges  fram  different  aluminum  alloys.  Obtained  data  allcw  us  to 
determine  1  also  for  other  forms  of  structures  experiencing  vibration. 
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INVESTIGATION  OF  WORK  OF  CCWPOUND  I-BEAMS  FROM  ALUMINUM  ALLOYS 


Yu.  S.  Mkrchanta,  Enginoer 

In  this  article  resul  a  are  given  of  investigation  of  real  work  of  ccopound 
riveted  beams  fron  alloy  D16-T  and  welded  bear,  frco  alloy  AMgo  of  I-profile  with 
thicknesses  of  webs  on  order  of  <  -  —  iA  under  static  load, 

186  90 

Includsd  in  the  work  are  data  on  invsstigati  n  of  local  stability  of  webs, 
distribution  of  stresses  in  elements  of  beams,  local  and  overall  defonaatiais, 
and  also  ultimate  strength  of  shown  structures, 

1.  Introduction 

During  designing  of  certain  foras  of  building  parts  and  building  from  aluminum 
alloys  it  can  happen  that  in  a  number  of  them  application  of  solid,  ccapound 
beams  will  bo  the  most  efficient. 

However,  necessity  of  guarantee  of  local  stability  of  webs,  provoking  either 
thickening  of  them,  or  introduction  of  additional  eleoents  (stiffeners)  even  in 
these  forms  of  parts  and  bxiildir.rs  significantly  lowers  effectiveness  of  use  of 
metal  in  solid  beaxas,  which  is  especially  strongly  manifested  in  riveted  beams  from 
high-strenfth  alloys,  and  also  those  welded,  where  there  is  divergence  between 
req’aired  thicknesses  of  webs,  determined  frcos  conditions  of  strength  and  that 
required  for  stability. 


One  of  methods  increasing  effectiveness  of  use  of  material  in  solid  beams  is 
calculation  of  thei^  work  after  buckling  by  web,  inasmuch  as  this  state  still  does 
not  signify  total  exhausting  of  load-bearing  ability  of  the  whole  beam. 

At  present  concerning  this  question  there  is  a  number  of  experimental  and 
theoretical  works.  Such,  for  instance,  are  works  by  professor  H.  Wagner  [6J,  who 
in  first  published  his  own  investigations  of  strain  state  of  beam  with  imiaxial 

field  of  stresses  in  web  by:  A,  Yu.  Rawnshevskiy  [3.^,  who  investigated  beam  with 
thir.  wub;  by  V.  N.  Strig’uno  [4],  who  inspected  beam  with  webs  of  average  thicknesses; 
by  y,.  L.  Nisnevich,  offered  calculation  of  thin-webbed  beams  during  action 
cf  evenly  distributed  load;  by  Hockey  and  Jenkins  [8],  [9],  and  also  by  Moore  [7], 
who  conducted  a  number  of  experimental-theoretical  investigations  of  behavior  of 
beams  frcm  different  alloys  during  different  schemes  of  loaaings;  and  other  works. 

However,  majority  of  them  concerned  chiefly  aviation  structures,  form  eind 
condition  'xploitation  of  which  essentially  differ  from  building  structures. 

Hius,  in  these  inv tigatiOTis  there  frequently  were  considered  small  thicknesses, 
which  allowed  the  authors  to  ijitroduce  into  calculation  a  number  of  facilitating 
assumptions,  justice  of  which  with  increase  of  thickness  of  considered  elements, 
as  this  is  observed  in  building  structures,  could  be  disturbed. 

Therefore,  for  use  of  above-indicated  reserve  of  efficiency  of  beams  intended 
for  application  in  construction  it  is  necessary  to  carry  out  a  number  of 
exrerimental  and  theoretrcal  investigations,  having  purpose  of  obtaining  additional 
infonration,  definitizing  real  chiaracter  of  work  of  beams  frcm  aluminum  alloys. 

For  solution  of  this  problem  this  work  was  conducted,  which  included  carrying 
out  of  experimental  investigations  and  ccmparison  cf  their  results  with  theoretical 
conclusions  for  the  following  questions: 

])  defonnability  of  basic  elements,  and  also  beans  on  the  whole; 

2)  influence  of  different  components  of  ^train  state  of  webs  on  their 


stability; 


3)  strain  stato  of  basic  elments  of  beams; 

U)  ultimate  strength  t.nd  more  precise  definition  of  woric  of  beams  after 
buckling  by  webs; 

5)  ccmpositicn  of  proposals  definitizing  reccnmendatlons  given  in  GN  113-60 
[Building  Norms]  in  part  of  calculation  of  ccnpound  beams. 

2.  Basic  Assumptions  of  Calculation  of  Thin-Webbed  Beams 

After  Buckling  by  Webs 

Theoretical  calculations  of  thin-webbed  beams  were  conducted  by  approximation 
method  accepted  in  aircraft  building  with  use  of  basic  calculating  assumptions  and 
formulas  presented  in  works  [2-5]  and  in  certain  others. 

In  derivation  of  formulas  following  assumptions  were  made: 

1)  flanges  of  girders  are  parallel  and  absolutely  resistant  to  bend; 

2)  uprights  are  vertical; 

3)  wsb  has  finite  thickness 

4)  bracing  of  upri^ts  to  flartges  is  hinged; 

5 )  in  beams  with  webs  of  thickness  on  order  ^ 

and  thinner  (where  h  -  rated  height  of  webs)  bending  mccient  is  bom  completely  by 
flanges  of  beams,  but  shear  force  -  by  web;  with  thickness  of  wbs  on  order  of 

—  h  given  assumpticn  is  also  kept,  but  with  the  difference  that  web  before  buckling 

100 

besides  severing  force,  can  bear,  partially,  the  bending  moment;  in  derivation 

of  calculating  formulas  the  last  circumstance  was  considered  oecause  determination 

of  critical  shear  stresses  (  r  ),  entering  in  these  formulas,  was  made  with  regard 

cr 

for  influence  both  of  normal  and  also  of  shear  forces.  In  other  respects  method 
of  calculation  remained  without  changes; 

6)  shear  stresses  in  web  of  each  panel  are  constant; 

7)  before  birckling  by  web,  stresses  a, —0. 


Vig,  1.  Diagran  of  beam  and  stresses  in  web  after 
buckling. 

a)  jiagram  of  beam  and  principal  stresses  in  web;  b) 
lUagram  of  basic  and  secondary  stresses  acting  on 
element  of  web  abed. 

In  example  of  thin-webbed  beam,  for  which  all  above-made  assumptions  hold  true 
except  second  half  of  assumption  [5],  in  part  of  absorbtion  by  web  of  bending 
moment,  we  understand  work  of  beam  after  buckling  of  web. 

Owing  to  this  assumption,  web  of  beam  will  be  loaded  only  by  shift  with 
eveiily-distributed  shear  stresses  throiigh  height  of  beam  ^  t<'  »^ich,  as  it  is 
known-  correspond  main  stretching  and  compressing  stresses  and  ’2  (Fig.  l). 

With  magnitude  of  shear  force  less  than  critical  these  stresses  will  be  equal 
among  themselves  in  absolute  value,  i.e,,  =  \z2\~  and  with  magnitude  higher 

than  critical,  when  wet  of  beam  has  already  buckled,  on  the  basis  of  experimental 
investigations  [4]  it  is  possible  to  allow  that  stresses  oj  nemaiii  constant  and 
equal  to  critical  stresses  a^j.  and  stresses  oi  will  continue  to  grow  and  will  be 
directed  along  generators  of  waves. 

In  this  stage  of  work  of  beam  shear  force  is  bom  basically  by  extension 
of  web,  when  flange  and  stiffener  are  loaded  additionally  by  horizontal  and 
vertical  cemponents  of  linear  efforts  of  this  extension. 

Thus,  after  buckling  of  wsb,  work  of  beam  assumes  new  character,  reminiscent 
of  work  of  tjTUssed  girder,  where  role  of  uprights  begins  to  be  played  by  stiffener 
of  beam,  and  stretched  struts  -  forming  diagonal  folds  of  wall. 

FVactically,  calculation  of  bean  after  buckling  of  web  i.e.,  during  load 


'  (where  P  -  main  load  applied  to  beam,  and  P  -  that  magnitude  of  this  load 


at  which  w«b  buckles  in  one  of  panels  of  beasi).  It  is  possible  to  reduce  to 
c<^sideraticn  and  calculation  of  two  states  of  system. 

In  the  first  state,  satisfying  conditions  of  equilibrium,  in  all  elements  of 
beam  under  influence  of  external  force  P  with  help  of  usiial  methods  of  calculation 
of  bent  elements  there  are  determined  internal  forces  (in  webs  -  course  of  linear 

p 

shear  forces  <7=  and  in  flanges  and  uprights  -  Icngitudinal  forces  N), 
h 

In  Eocond  state,  which  is  self-balanced,  since  external  force  P  in  first 
state  is  already  balanced,  there  are  determined  those  additional  efforts  which 
appear  in  elements  of  beam  from  action  of  force  (P  -  Pgj.),  after  buckling  of  web. 

Totaling  these  two  states,  we  obtain  the  sou^t  for,  total  strain  of  idiole 
system. 

Considering  that  investigated  beams  had  web  with  thickness  on  order  of 
h.  i.e.,  belonged  to  class  of  webs  "of  average  thicknesses,'^  then  during 
determination  of  stresses  in  webs,  it  was  necessary  to  consider  main  ccmpressing 
stresses  <^3 .  since  shear  force  in  such  beams  is  absorbed  partially  by  shsar  and 
partially  by  extension  of  web.  This  condition  makes  problem  statically  indetermin¬ 
able,  Then  for  its  solution,  owing  to  insufficiency  of  seme  equations  of 
statics  additional  equation  is  introduced  expressing  dependence  between  main 
stresses  ji,  and  0,,  which  was  obtained  by  experimental  means  in  work  [4]. 

On  the  basis  of  assumptions  made,  and  also  establishment  of  dependence  between 
and  3,,  we  obtain,  as  a  result  of  solution  of  equations  of  sta.tics,  follcwring 
basic  formulas  for  determination  of  deflections  of  beam*,,**- 

1.  Tensile  stresses  are  a88\mied  evenly  distributed  through  sections  of  web 
perpendicular  to  axes  of  waves: 


oi  -  (2^  -  W 


_ I_ 

sin  2a 


’^3y  classification  accepted  in  work  [4]. 

**  Derivation  of  formulas  is  given  in  work  [5] 


2.  Ccmpressive  stresses  are  assumed  evenly  distributed  through  sections 


of  vreb  parallel  to  axes  of  waves: 


0  -  a 

*  ,jn 


3.  Shifts  of  fj^  point  of  beam  k  in  the  direction  of  action  of  force 
applied  to  beam  which  is  loaded  by  one  concentrated  force  (Fig,  1)  or  whole  force 


system : 


V  ^1  V  r  ^N'ds  vr  MM'ds 


where  3,:  N'  and  M’  -  stress  in  web,  effort  in  rod,  and  bending  moment  in  section 
of  beam  caused  by  unit  force  =  1; 

S  and  -  length  and  area  of  cross  section  of  elements  of  contour  of 
beam  flanges  and  uprights); 


a  -  angle  of  inclination  of  waves  of  web  to  horizontal  axis  of 


beam; 


E  -  modulus  of  longitudinal  elasticity  of  material. 

In  formula  (3)  summation  spreads  to  entire  region  enveloped  by  power  factors 

frotr.  =  1. 

Besides  formulas  (l)  and  (2),  serving  for  determination  of  basic  stresses  in 
webs,  .here  is  still  another  series  of  formulas  by  which  stresses  and  in  other 
elements  of  beams  are  determined  and  also  secondary  stresses  and  32* appearing  in 
webs  owing  to  bend  of  them  in  two  planes  during  wave  formation.  These  formulas 
and  also  their  derivation  are  given  in  works  [2],  [3],  [4],  and  certain  others. 


Testing^  of  Structures 


Objects  of  tests.  For  carrying  out  of  these  investigations  for  the  purpose 
of  comparison  of  work  of  beams  with  different  thicknesses  of  webs  and  types  of 
joints  (rivetsd  and  welded)  there  were  prepared  the  foHcwir.g  throe  series  of  test 
beans,  diagrams  of  which  are  given  in  Table  1. 


Table  1.  Gecraetric  Characteristics  of  Tested  Beams 
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♦On  these  diagrams  figures  I-V  designate  No.  of  panels  of  samp].e 
♦♦First  figure  pertains  to  unloaded  uprights,  second  -  to  loaded. 
♦♦♦First  firpjre  pertains  to  first  panel,  second  -  to  second,  etc. 


1  series  -  riveted  beams  of  grades  RK-1,  2,  and  3  )><ith  relatively  thin  webs, 
thickness  S  ®  4n&  h), 

II  series  -  riveted  beams  of  grades  BK-^>BK«8  with  thicker  webs,  thickness  3  - 
-  nn  h). 

in  series  -  welded  beam  of  grade  B5-1  having  thickness  of  web  6  *=■  6  m  (-—  h). 

All  test  samples  were  planned  according  to  "Technical  specs  of  designing  of 
building  structures  from  aluminum  alloys"  (for  experimental  designing,  second  edition 
1^58),  and  then  they  were  recalculated  and  checked  according  to  recommendation  of 
113-60  [Building  .'itandardsj. 

Series  of  samples  (BK-2  and  BK-3;  BK-5  arel  BK-6,  and  also  BK-7  and  BK-8)  wore 
made  absoultely  identical  in  structure. 

All  riveted  samples  were  planned  from  alloy  D16-T  and  prepared  in  factory 
conditions. 

Joints  of  all  elements  of  riveted  beams  were  made  with  rivets  with  diameter  of 
14  and  19  nn  set  in  cold  state  on  clamp.  In  beams  BK-7  and  BK-8  rivet  with  diameter 
of  19  ran  were  installed  non-hardened  from  material  D18p  in  state  of  delivery,  in 
remaining  beams  all  rivets  were  installed  hardened  -  in  state  018-T. 

Thorough  inspection  of  all  riveted  beams  after  manufacture  showed  that  initial 
distortions  of  their  webs  constituted  very  insignificant  magnitude  (less  than 
0.33),  which  allowed  us  to  consider  such  webs  in  separate  pianels  of  beams  as  flat 
plates  without  initial  damage. 

Iitelded  beam  (BS-1)  was  planned  from  alloy  AMg6  and  prepared  in  welding  room  of 
laboratory  of  metal,  construction  TsNIISK  [Central  Scientific  Research  Institute  of 
Structural  Parts].  Manufacture  of  beam  was  carried  out  in  special  jig  by  means  of 
electric  arc  welding  in  atmosphere  of  argon  on  autcraatic  machine  ARK-1  and,  partialxy 
manually.  After  manufacture  of  beam  its  web  obtained  significant  distortions,  which 
later  were  considered  during  treatsmnt  and  analysis  of  results  of  tests. 


All  basic  characteristics  of  tested  samples  are  given  in  Table  1. 

Material  of  samples.  As  it  was  shown  above,  for  test  beams  two  grades  of 
alloys  were  used:  D16-T  -  for  riveted  beams  and  AMg6  -  for  welded. 

Application  for  test  samples  of  two  grades  of  alloys  with  very  different 
mechanical  characteristics  allowed  us  to  conduct  investigation  of  stability  of 
webs  of  beams  and  also  their  behavior  both  in  region  of  elastic  and  also  non¬ 
elastic  deformations  with  approximately  identical  geanetric  characteristics  of 
sections. 

For  obtaining  of  a  number  of  mechanical  characteristics  of  applied  materials 
special  special  investigations  were  conducted  of  their  mechanical  properties  under 
extension  and  compression  -  for  sheets  and  pressed  profiles. 

Determination  of  mechanical  properties  of  material  during  extension  was 
made  on  standard  flat  samples  by  usual  method  of  tests  in  accordance  with  specs 
of  All-Union  Government  Gtandard  1497-42. 

Determination  of  the  same  mechanical  characteristics  of  material  during 
compression  was  made  with  help  of  special  attachment,  intended  for  test  ot'  thin 
sheets  under  compression.  This  attachment,  consisting  of  two  guide  elements, 
between  which  was  located  test  simple,  assured  its  stability  during  entire  test. 
General  view  of  attachment  together  with  test  sample  and  tenscneters  fastened  to  it 
iS  shown  in  Fig.  2,*  Results  of  tests  of  these  saoinles  for  extention  and  compression 
are  given  in  Table  2. 


Installatiw  for  Tests  of  Beams.  All  test  bdeM  were  tested  wH  special 
installations,  general  view  of  which  is  shown  In  Figs.  3  and  4.  In  Fig*  3  there  is 
presented  installation  intended  for  tests  of  beams  of  I  series.  Cn  this  installation 
losd  on  beam  was  created  by  two  150-ton  hydraulic  jacks  located  on  upper  flange  of 
beam.  Load  applied  at  two  points  equidistant  from  both  ends  of  beam.  In  connuction 
with  this  canter  panel  was  under  action  of  pore  bend,  but  end  -  coa^lnation  of  bend 
and  shear. 
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Fir,.  2.  Gen-jral  view  of  install¬ 
ation  for  compression  of  samples 
froi'.  thin  sheets. 


Fig.  3.  General  view  of  installation  for  test 
of  beams  of  I  series. 


Table  2,  Mechanical  Characteristics  of  Material  of  Teat  Beams 


Form  of  material  >  Form  of  tests! 
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Sheet  S  —  U  mm 

Extension 

Conpression 

Sheet  5  =  6  iim 

Extension 

Compression 

Sheet  5  =  10  min 

Extension 

Conpression 

Angle  65  X  65 

X  65  X  10  mm 

Extension 

Sheet  5  =  6  Him 

Extension 

Compression 

46.3 

35.9 

34.4 

31.4 

28.7 

1  7200 
,  7200 

16.3 

48.7 

35 

33.5 

30.8 

28.3 

i  7300 

'  7430 

16.2 

43.3 

32.9 

32 

28.5 

26,8 

7250 

7300 

15.8 

54.5 

42 

40.5 

7200 

11 

37.6 

17.7 

18 

16 

16.3 

7200 
7U0  i 

1 

1  21.9 

’Limit  of  proportionality  of  material  was  determined  according  to  All-Union 
(-ovomrrant  Standard  U97-t2. 


For  assuranca  of  overall  stability  of  test  beams  compressed  flange,  of  the 
latter  was  braced  on  both  sides  by  horizontal  ties,  consisting  c”  struts  and 
diagonal  rods,  fastened  on  the  one  side  to  compressed  flange  of  test  beam  and 
on  the  other  -  to  steel  channel  Melded  to  upper  branches  of  step  columns  (Fig.  3). 

For  assurance  of  free  vertical  shifts  of  test  beams  all  common  Joints  of  ties 
were  weakened  as  far  as  possible,  and  fastening  ol  ties  to  steel  channel  was  carried 
out  by  means  of  bolts  passed  through  holes  elongated  in  vertical  direction  in  wall 
of  channel.  With  help  of  other  bolts,  screwed  into  flange  of  channel  and  resting 
or  elements  of  horizontal  ties,  it  was  possible  with  increase  of  deflections  of 
test  beam  to  displace  simultaneously  the  horizontal  ties. 


Fig.  k.  General  view  of  installation  for  test  of  beams 
of  II  and  III  series. 


Beams  of  II  aivl  III  series  were  tested  on  another  installation,  shown  in  Fig. 
4,  where  load.  Just  as  for  beams  of  I  series,  was  applied  at  two  points  equidistant 
frcm  both  ends  of  beam  by  means  of  two  ISO-ton  Jacks  standing  on  floor  and  trans¬ 
mitting  pressure  to  beam  through  stationary  rollers. 

Cn  ends  beams  rested  in  collars  consisting  of  flsxibls  belts  fastened  by 
means  of  anchor  bolts  in  slots  supporting  floor. 


Support  of  tost  booms  was  carriod  out  with  holp  of  froo  roller  on  one  support 
and  stationary  roller  on  the  other.  Overall  stability  of  test  beam  was  ensured  by 
horizontal  and  vortical  ties  located  between  tost  and  additional  beams,  of  which 
the  latter  was  disposed  next  to  that  tested  on-  nf)ecial  stands.  Horizontal  ties 
were  disposed  on  level  of  compressed  flange,  but  vertical  -  on  center  and  support 
sections  of  beams. 

So  that  ties  did  not  constrain  vertical  shifts  of  test  beams  and  were  not 
included  in  work  second  additional  beam,  measures  were  taken  analogous  to  those 
for  beams  of  I  series  (weakening,  as  far  as  possible,  of  all  bolt  Joints  of  ties, 
provision  for  shift  of  additional  beam  in  vertical  direction  in  process  of  test, 
and  so  forth). 

Pressure  in  Jacks  was  created  by  two  pump  stations  with  hand  drive,  while 
magnitude  of  load  on  test  beams  was  determined  by  indications  of  two  manometers 
at  UOO  atm,  fixed  for  each  Jack  separately. 

Organization  and  carrying  out  of  tests.  Below  there  are  enumerated  measurements 
conducted  during  test  of  beams. 

1.  Measurements  of  initial  curvature  of  webs  were  made  for  all  beams  before 
start  of  tests,  for  which  steel  tapes  were  used  with  lengths  of  500-1000  mm.  A 

set  of  feeler  gauges  was  used  for  measurement  of  small,  initial  distortions  of  webs, 
metallic  rods  with  attached  indicators  were  used  for  measurement  of  large  distortions 
observed  in  welded  beara. 

2.  Measurements  of  lateral  deflections  of  webs  in  each  of  panels  of  beams  were 
taken  for  determination  of  loads  provoking  local  buckling  of  webs  and  also  for 

mort  precise  definition  of  character  of  wave  formation  rendering  influence  on  strain 
state  of  webs.  For  this  purpose  indicators  were  applied  with  value  of  division  of 
0.01  nan,  which  were  established  normal  to  surface  of  web  in  three  sections  of  each 
panel  of  beam  where  appearance  was  expected  of  the  greatest  lateral  deformations 


of  web. 


Through  height  of  panel  in  each  section  were  established  three  Indicators 
each.  All  Instruments  were  held  by  special  clamps  fastened  to  beam  relative  to 
middle  plane  of  its  web.  General  view  of  location  of  instruments  on  test  beams  is 
shown  in  Fig.  U.  Furthermore,  for  measurement  of  magnitudes  of  diagonal  folds  on 
certain  end  panels  indicator*  were  established  close  tc  each  other  in  the  direction 
passing  through  center  of  panel  and  perpendicular  to  these  folds. 

Weasuremefits  of  vertical  aef lections  of  beams  were  made  for  judgement  on 
defonnability  of  beams.  For  this  purpose  there  wore  applied  deflectcoietcrs  of 
N.  N.  Maksimov  with  value  of  division  of  0,1  on,  which  were  established  in  three 
sections  of  beams:  in  the  middle  of  span  and  in  places  of  application  of  load. 

Instruments  were  mounted  outside  beam,  and  threads  fron  them  were  fastened 
tc  small  screws  threaded  into  flange  of  beam  in  the  middle  its  width. 

Vertical  shifts  of  supports  of  beans,  caused  by  preesirig  deem  backings,  and 
also  for  other  reasons,  were  measured  by  indicators  set  up  two  on  each  support. 

4.  Keasurements  of  relative  deformations  were  taken  for  the  purpose  of 
judgement  about  distribution  and  magnitude  of  deformatiois  and  stresses  in  elements 
of  beam.  For  this  purpose  there  were  used  wire  electrical  detectors  with  ba  e 
of  25  and  autcaatic  strain  guage  prepared  in  MEI  laboratory  of  TsNIISK. 

On  webs  of  beams,  within  limits  of  central  panels  affected  by  pure  bend, 
det-setors  were  glued  on  middle  sections  of  panels  and  mre  directed  along 
horisisital  axis  of  boaas . 

For  the  purpose  of  check  of  unifomity  of  distribution  of  normal  stretses 
through  length  of  center  panels,  in  two  beams  (BK-6  and  BS-1)  detectors  were  glued 
in  two  sections:  in  the  middle  cf  panel  and  somewhat  nearer  to  stiffener. 

In  end  panels  of  beams  detectors  were  disposed  in  the  most  streeaed  eections 
cf  each  panel  in  t.h-»  form  of  dusters  of  three  detectors,  i^ich  sMowsd  us  tc 
determine  magnitude  of  aiisar  stresses  In  given  section. 

For  control  of  operation  of  electrical  detectors  and  also  recording  of  prebahic 


d-^viations  in  indications  of  electronic  strain  at  certain  points  of  Peajms 

there  were  set  up  in  parallel  with  electrical  detectors  mechar.ical  tenscneters 
with  l^ase  of  20  mm,  and  on  separate  plate::,  independent  of  test  structures, 
additionally  there  were  glued  control  active  detectors. 

5.  Measurements  of  magnitudes  of  shifts  between  elements  of  flanges  of 
teams  and  their  walls  were  taken  for  clarification  of  influence  of  these  factors 
on  Work  of  beams.  To  this  end,  on  base  of  indicator  with  value  of  division  of 
d.Li  rm  a  special  instrument  was  prepared. 

i-hift  of  above-indicated  elements  was  measured  according  to  relative  shifts 
of  two  phonograph  needles,  one  of  vrhich  was  pressed  in  web  near  flange  comer,  and 
other  -  in  vertical  shelf  of  the  flange  comer  itself. 

On  one  of  needles  the  shift  gauge  rested  with  stationary  part  having  a  cut 
in  the  form  of  a  "dovetail, "  and  other  part,  which  is  mobile,  leaned  on  other 
needle  through  special  plate  without  cuts,  which  ensured  higher  accuracy  in 
measurements  (owing  to  possible  inaccuracy  of  location  of  two  needles).  Inasmuch 
as  instrument  vis  "portable,"  i.e.,  after  taking  of  reading  it  was  removed  frcoi 
test  structure,  three  such  readings  were  taken  and  their  average  was  recorded. 

Test  measurements  made  by  given  instrument  before  test  of  beams  revealed  that 
its  incication  were  of  sufficient  stability. 

b.  Measurements  of  magnitudes  of  deflections  of  flanges  from  plane  of  beams 
were  taken  for  realization  of  control  of  preservation  by  beams  of  overall  stability, 
r.'iese  measurements  were  made  with  help  cf  N.  N.  Maksimov  deflectoneters  fixed  on 
stands  outside  beams.  Threads  fron  deflectometers  were  fastened  to  screws  threaded 
int  :>  edges  cf  both  flanges  of  beams  in  3-4  sections  (two  support  and  one  center,  or 
two  center  at  places  of  application  of  load). 

Load  of  each  beam  during  test  was  applied  in  several  stages. 

On  the  first  of  them  beams  were  loaded  to  those  amounts  provoking  buckling  of 
web  in  either  one  oi  panels.  At  subsequent  stages  load  on  beam  rose  to  magnitudes 
ex''eeding  load  of  first  stage  by  approxiniately  2  times  -  for  beams  of  11  and  III 


8«rie3  (h&/inR  relatively  high  values  of  'itical  loads  in  local  stability  of  webs) 
and  by  U~b  times  -  for  beams  of  I  series,  fcr  which  values  of  critical  loads  were 
not  very  great. 

At  last  stage  beams  were  loaded  up  to  failure. 

After  each  stage  of  load  beams  were  unloaded  and  permanent  sets  were  measured. 

Before  beginning  of  test  of  each  beam  installation  was  "broken  in"  by  means 
of  test  loading  of  beams  with  load  equal  approximately  to  half  of  that  calculated 
at  which  operation  of  instruments  was  chocked,  as  were  ties  and  other  units. 

In  all  tests  load  was  applied  iji  separate  steps  -  bigger  at  beginning  of  test 
(on  order  of  5t}  and  somewhat  smaller  in  subsequent  loads  (l  or  2  tons). 

After  application  to  tesc.  beam  of  new  step  of  load  or  unloading  readings 
frcm  all  instruments  were  not  taken  at  once,  but  after  a  small  interval  of  time, 
on  the  order  of  5  minutes. 

For  more  exact  determination  of  loads  provoking  local  buckling  of  webs  in 
separate  panels  of  beams,  readings  on  indicators  and  electrical  detectors  fixed 
on  webs  of  beams  for  this  purpose  were  taken  after  smaller  steps  of  loading  than 
readings  cn  other  instruments. 

After  c>fr:n  'oao  cwuviuceej  a  tliorou^r  vf  entire  test 

set-up,  especially  of  ties  and  test  beams,  after  which  appropriate  notations  and 
sketches  were  made  in  journal  of  tests,  and  necessary  adjustment  of  installation 
was  made. 


4,  Results  of  Tests 

Lateral  deflections  of  webs.  The  most  characteristic  peculiarity  of  work  of 
all  webs  is  that  on  then  from  the  very  beginning  of  load  gradual  increase  is 
immediately  observed  of  lateral  deflections.  ’;hich  significantly  complicates  clear 
aeterminati.on  of  loads  provoking  .'ocal  buckling  of  webs. 


Fig,  5.  Graphs  of  the  greatest  lateral 
defonnaticwia  of  webs  of  beams 
a)  BS-1;  b)  BK-8j  c)  BK-4. 

KEY:  (a)  Diagram  of  location  of  indicator. 


Hoover,  majority  of  graphs  expressing  dependence  of  lateral  deflecticais  of 
webs  on  load  have  clearly  expressed  fractures,  indicating  on  transition  of  given 
vseb  under  certain  load  to  qualitatively  new  state.  Subsequently,  load  corresponding 
to  this  state  of  beam  was  taken  as  critical  by  condition  of  local  stability 

of  web. 

In  Fig.  5  there  are  presented  the  most  characteristic  examples  of  such  graphs, 
wtiere  the  first  of  them  (iig.  !?a)  is  typical  aepenience,  Little  promoting 
determination  of  critical  loads,  whereas  second  graph  (Fig.  5b)  is  characteristic 
for  curves  on  which  during  determination  of  loads  there  is  clearly  expressed 
fracture,  allowing  us  more  clearly  to  determine  loads  provoking  buckling  of  webs. 

Comparing  work  of  webs  of  beams  under  different  loads,  it  is  possible  to 
rote  that  under  loads  higher  than  critical  in  webs  of  end  panels  of  beams  there 
v'^tarted  to  form  folds,  disposed  in  all  test  beams  basically  in  the  direction  of 


diagonals,  Independent  of  dinonsjon  of  panels  (so^  ?ig*  11). 

In  center  panels,  located  on  dlaf.rain  of  loar’ing  under  action  o^  pure  bend, 
fonnation  of  folds  under  these  loads  v*a8  not  noted. 

Upon  unloading  of  beams,  folds  of  web  disappeared  vitriOut  a  t,’ace  when  load 
on  beam  was  such  that  stress  in  webs  did  not  exceed  limit  of  proportionality  of 
material;  otherwise  in  webs  of  beams  permanent  sets  were  observed,  which  were  greater, 
the  higher  the  load  (Fig,  i)r). 

Turing,  loading  of  beams  by  critical  load  PJ.,.  equal  in  magnitude  to  theoretical 
lead  provoking  buckling  of  web  in  one  of  panels  of  beam,  permanent  sets  in  webs 
during  subsequent  unloading  were  not  observed  in  general.  With  increase  of  load 
to  calculated  constituting  for  beams  of  I  series  (2,7-3)  and  for  II  series 
-  l.UPcr,  permanent  sets  of  webs  upon  subsequent  unloading  either  were  not  observed 
in  general,  or  did  not  exceed  magnitude  equai  on  the  average  to  (0.3-0, 5)  B 
where  Pj  -  theoretical  magnitude  of  load  at  which  values  of  given  stresses  in 
web  attain  magnitudes  of  calculated  resistance  of  material,  and  5  -  thickrtess 
of  web. 

With  loads  higher  than  critical  in  webs  of  separate  panels  of  beams  there  starts 
to  form  not  one,  but  several  folds,  different  in  magnitude.  Here  the  greatest  depth 
..  li  belonged  to  center  folds,  whereas  small  sections  of  webs  adjacent  to 

periphery  of  panels  practically  remained  flat. 

Comparison  of  the  greatest  lateral  deflections  cf  webs  of  beams  in  panels 
with  identical  dimensions,  under  action  of  shear  forces  of  identical  magnitude  and 
different  normal  efforts  shows  that  influence  of  ''atter  on  growth  and  magnitude 
of  lateral  deformations  of  walls  is  very  insignificant  (Fig.  6). 

Canparison  of  magnitudes  of  lateral  deflections  of  webs  at  critical  (^’cr^ 
and  calculated  iP'i  loads,  measured  in  places  of  the  greatest  deflections  of  webs, 
shows  that  Ihesv  inagrutudes  in  all  sections  of  test  samples  under  their  respective 
critical  and  calculated  loads  were  small  and  did  not  exceed  magnitudes  equal  to 
0.5  ^  for  critical  loads  and  1.2(5  for  those  calculated  which  with  respect  to 
lea*’!  .A'  dimensions  of  panels  constituted  respectively  0.002b  and  O.Clb. 


(‘jrafihic  depencieri'- Ihe  latem!  <ief  iefti'/nr)  '.f  Knbs  wer«  const  rjc- 

Led  for  all  panda  of  L*»Gt,  saniflea. 

And  the  most  characteristic  of  these  /’rapJis  i.e.,  those  wtiich  were  constructed 
for  webs  with  least  initial  distortions,  and  for  wtiich  prafjh  in  connection  with 
this  had  the  most  clear  break  of  curve,  w<3re  used  for  determination  of  critical 
Icvids  for  each  of  such  fvinela. 

CffMO  flocnc  unCur.amopsS  , 
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Fig.  6,  Lateral  deformations  of  weo  of  bean 
BK-4 

a)  in  section  1-1;  b)  in  section  2-2. 

KEY’  (a)  Diagram  of  location  of  indicators 
on  web  of  beam.  5K-4;  (b)  [tll'j  of  indicators. 


Here  there  was  usea  "nethoci  oi  tangents,"  consisting  fact  that  on  graphs 
expressing  dependence  of  lateral  deflecticns  cf  web  on  load,  where  curve  in  place 
of  fracture  was  split  in  two  directions,  to  each  of  them  there  were  constructed 
tan  neries,  and  then  point  of  intersection  cf  the  latter  (point  A  Fig.  ■  b) 
deterr  inod  load  p.rovoking  buckling  of  web  in  this  panel. 

For  more  exact  ueterrdnation  cf  critical  loads,  besides  tr  se  shown  graphs 
>.hpre  were  alsi.  used  grathic  dependencies  between  load  on  beam  and  relative 
oofon;ations  of  weo,  measured  by  electrical  detectors  glued  on  both  sides  of 
webs  in  places  of  the  greatest  lateral  deflections  across  generators  of  folds 


(Fi>-’.  y). 


Final  values  of  critical  loads  were  defined  as  average  maj^iitudea  obtained 
after  appropriate  treatment  of  curves  of  both  types.  Pjcperimentai  magnitudes 
of  critical  loads  for  webs  of  beams  in  separate  panels  conparison  of  them  >fith 
calculated  ramitudes  determined  according  to  TU  [Tech.  Specs]  [10]  turned  out  to 
be  on  the  average  1.3  tL^nes  higher  than  those  calculated  for  beams  of  I  series,  and 
1,2  times  higher  -  for  beams  of  II  series,  %diich  may  explain  rather  high  pinching 
of  webs  in  elements  of  circuit. 

In  welded  be'  experimental  magnitudes  of  critical  loads  for  separate  panels 
turned  out  to  be  scmewhat  less  than  calculated.  But^  inasmuch  as  web  in  these 
panels  had  large  initial  distortions,  to  compare  results  obtained  for  them  with 
results  for  beams  having  web  with  insignificant  distortions  would  be  incorrect. 
Therefore,  such  canparison  was  not  made. 


^tn 


Fig.  7.  Graphs  of  operation  of  electrical 
detectors  No.  77  and  84,  located  in  places 
of  the  greatest  lateral  deformations  of 
web  of  beam  SC-5,  perpendicularly  to  forming 
folds, 

KEi:  (a)  Diagram  of  location  of  electrical 
detectors  No.  7?  and  84. 

Vertical  deflections  of  beams.  In  Fig,  8  there  are  presented  graphic 
dependencies  between  loads  m  test  samples  and  their  vertical  deflections,  measured 
in  sections  xuider  loads. 

Comparison  of  dependencies  of  ths  greatest  lateral  deflections  of  web  and 
vertical  deflections  of  one  and  the  same  sample  shows  that  beginning  of  buckling 
oi  webs  does  not  renaer  essential  influe»*v,e  cn  vertical  deflections  of  samples. 


i?  clear,  at  leant  rr  >!’  t.he  fact  that,  an  ;  hberv»»';  ;  r  -  .er. 

berinninf^  of  Icvad  of  aaJPtles,  approximately  linear  dcffindence  between  1 'lad 
and  vertical  deflections  of  samples  was  kept  also  durin^^  Ifvids  exceeding  the 
critical  f('ir  webs  of  sample;,  in  separate  f)anels,  in  spite  of  the  fact  that  aft.er 
biicklinK  of  web  ^’rowth  of  vertical  deflections  of  samples  is  srmewhat  accelerated. 

oomp^rison  between  measured  magnitudes  of  vertical  dof lect.ions  of  test 
samr'es  and  those  calculated  by  formula  (l)  shows  that  agreement  between  them 
for  ail  samples  was  IXilly  sa..! sfactory  up  to  loads  not  exceeding  (6-7)  /"■  -  for 
samples  of  I  series  and  (1.4-1. 7)  •  -  -for  samples  of  II  series  (Fig  d).  Under 

...peer  lci.is,when  in  walls  there  appeared  stresses  exceeding  limit  of  proportionality 
rf  material,  and  between  flange  and  wall  -  large  shifts,  there  was  observed 
accelerated  growth  of  vertical  deflections,  which  on  graphs  was  wrked  by  appearance 
of  ^•''♦■icT.3  rf  cur’/es  with  ncrJ-ir.aar  dependence. 


Fig.  8.  Graphs  of  vertical  deflections  of  beams, 
measured  in  places  of  application  of  load 

Sjaeciai  designations;  -  experimental  curve; 

- . - theoretical,  by  formula  (j); 

- - the  same,  by  uscal  formulas  of  resis¬ 
tance  of  materials;  — . —  unloading 
a)  in  section  1-1  of  beam  BK-2  (I  series);  b)  in 
section  1-*^  of  bear.  EsK-4  (II  series):  c)  in 
section  3-3  of  ream.  BG-l  (III  series) 


'Ti  rectilinear  section  of  granlis  the  biggest  divergence  of  measured  magnitudes 
.  f  vt^rtical  def  lections  fren  those  calculated  fto  sii'a.ller  side)  for  certair 
sa.T,pies  attained  17?,  which  it  is  possible  to  explain  mainly  as  influence  of 


high  rigidity  oi  nodes  of  test  beaarts  in  places  of  joining  of  flanges  and  uprignts. 


rcmparison  of  vertical  deflections  of  samples  with  strenaes  in  beam  shmn* 
that,  in  spite  of  appearance  in  webs  of  beams  of  stresses  equal  to  or  even  somewhat 
above  limit  of  proportionality  of  material,  caused  by  wave  formation  of  web  in 
early  stages  of  loads,  linear  character  of  curve  expressing  dependence  of  vortical 
deflections  on  load  ms  almost  not  distxirbed.  T^is  is  explained,  first,  by  the 
fact  that  shown  stresses  spread  in  very  small  region,  mainly  in  center  of  panel, 
with  or  across  center  fold,  and,  secondly,  they  are  concentrated  not  through  entire 
section  of  web,  but  nearer  to  its  surface,  and  only  gradually  do  they  penetrate 
entire  section  with  increase  of  load  on  sample. 

Measurements  of  vertical  deflections  of  test  samples  upon  full  removal  of 
load  after  each  stage  showed  that  permanent  vertical  sets  were  practically 
absent  dtirlng  loading  of  beam  by  load  equal  to  P^^and  they  had  very  Insignificant 
magnitudes  (on  order  of  0.1-0. 3  n«a)  during  loading  of  beams  by  calculated  loads 

(Pp- 


Fig.  9.  Distribution  of  normal  stresses  in  croes 
sections  of  test  beams 

a)  in  section  1-1  of  beam  nK-2;  b)  in  secticn  2-2 
of  beam  BK-3. 


rearing  large  loads  and  subsequent  unloading  of  beams  magnitudes  of  permanent 
sets  gradxially  rose.  Magnitudes  of  vertical  deflectlcns  of  test  beams,  respectively 
for  I,  II,  and  III  series^  constituted  on  the  average,  under  critical  loads 
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train  state  of  bcan.s.  In  Kik.  10,  11  there  are  given  graphs  shewing 
distribution  of  stresses  in  different  sections  of  teat  sa-cipies. 

From  Fig.  v  it  is  clear  that  distribution  of  normaJ  stresses  in  placet  jf 
Joining  of  web  with  flange  comers,  and  also  of  flange  comers  with  flange  sheets, 
is  even, and  the  mom  so.  the  greater  the  load  on  test  sample.  The  fhentnenon  is 


!::osi  strongly  ejcpressed  in  sections  ol  samples  nearer  to  supports,  whore  tnem 
are  observed  large  mutual  displacements  of  riveted  elements,  provoking  disturbance 
of  inseparability  of  deformations  and  leading,  thereby,  to  nonunifonn  distribution 
of  normal  stresses  in  given  section  of  sample. 

In  connection  with  this,  stresses  in  webs  of  test  samples  were  somewhat  higher 
than  calculated.  Thus,  during  critical  loads,  normal  stresses  in  webs  of  test 


san.ples  exceeded  those  calculated  on  the  average  by  5“^. 
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Tut  .  I'Adi  M/h«r  *.r-An  cr'. i  rr^i.-u!ar' ty  Jr,  M sir:  rrui, ;  on  '■f  nonaal 
stresses  is  sti’l  rr.or'e  strerifthenod,  rti"!  of  web  is  diserujat^eJ  from  operation, 

neutral  axis  shifts  nearer  tc  cntt  ssed  flange,  which  'jwinr;  to  foming  in  web 
of  field  'if  diagonal  tensim  is  acnjev'.ac  overloaded,  while  stretched  flange  is 
unloaded  for  this  reason. 

Thus,  on  this  stage  of  .  crk  .in  oea/.'i  Ihera  occurs  redistribution  of  internal 
efforts,  an  it  starts  to  work  already  -ccording  to  now  diagram  as  truss-beam  with 
"fierible  struts,''  role  of  which  is  played  by  diagonal  folds  formed  on  wall.  Then 
total  3‘rain  state  of  web  will  be  cr.ipoaed  of  main  tensile  stress  ’i.  directed 
along  fold,  main  compressing  stress  'i,  directed  perpendicularly  to  fold,  and  of 
two  local  bend-ng  stresses  =.  appearing  as  a  result  of  distortion  of  web 


beam  l'K-2. 

KET :  (a)  Diagram  cf  coar.  S(-2;  (b)  Distances 

between  electrical  detectors  in  ssc. 


Let  us  consider  character  of  distribution  of  these  stresses ^  i  'vssruch  as 
during  subse<3u«nt  loads  of  beam  they  are  developed  uost  intense.iy,  anl  therby 
in  significant  meacure  detersdne  work  of  structure. 


In  Fig.  ICa,  b,  there  ■'^re  r-reserted  graplis  of  distribution  o.f  main  twislle 


strossss  Oj  by  aectiona  of  webs  of  teat  samples  perpendiculair  to  direction  of  folds 
and  passin/T  throuf^h  center  of  panels. 

ks  can  be  seen  from  these  graphs,  distribution  of  ati'osses  Oj  in  shewn  direction 
has  very  nonuniform  character.  Here  the  greatest  magnitude  of  stress  is  reached 
in  center  folds  of  webs.  Comparison  of  experimental  magnitudes  of  -)•  with  those 
calculated,  determined  by  formula  (1),  shows  that  in  center  part  of  folds 
experimental  magnitudes  of  stresses  were  1. 1-1.2  times  more  than  those  calculated. 
This  divergence  may  be  explained  by  the  fact  that  calculating  formulas  wr^re 
derived  for  case  of  flanges  absolutely  rigid  under  bend,  whereas  in  reality  of 
flanges  possessed  certain  elasticity  xaider  bend.  In  connection  with  this,  in 
panels  with  shorter  length,  where  linear  rigidity  of  flanges  turns  out  to  be 
higher,  irregularity  in  distribution  of  stresses  -i  decreases  semewhat  (Fig,  10b). 

Irregularity  in  distribution  of  stresses  oj  is  observed  also  alccig  the  actual 
wave  (Fig.  U),  inasmuch  as  in  this  direction  of  fold  in  plane  perpendicular  to 
plane  of  web  there  also  is  formed  a  half-wave.  Thus,  owing  to  formation  of  folds 
in  web,  the  latter  is  bent  in  two  planes,  which  generates  iji  it  secondary  bending 
stresses  and  j,,  frem  >riiich  first  are  directed  across  generators  of  waves,  and 
second  -  with  them.  Presence  of  these  stresses  leads  to  fact  that  of  all  elements 
of  thin-webbed  beam  just  in  folds  of  web  are  there  first  of  all  attained  calculated 
stresses  which  determined  calculated  load, 

Cemparison  of  maximum  magnitudes  of  main  tensile  stresses  with  work  of  other 
eiements  of  beam,  and  also  the  structure  on  the  whole,  shows  that  passage  of 
outer  fibers  of  wall  beyond  the  limits  of  proportionality  of  material  very  insignig- 
icantly  shows  up  on  vertical  deflections  of  whole  beam.  This  is  possible  to 
explain  by  the  fact  that  passage  of  material  of  web  beyond  the  limits  of  propor¬ 
tionality  occurs  in  very  smail  region. 

However,  in  spite  of  vary  limited  region  of  propagation  of  these  stresses, 
the;-  should  not  be  disregarded,  especially  in  webs  of  low-ductile  mateiial,  inasmuch 
as  iisregaid  of  them  can  lead  to  formation  in  wtos  of  cracks. 


Cooiparison  of  calculated  and  measured  nagTiltudes  of  shear  stresses  in  mbs  of 
beams  sheers  that  these  maj^itudes  agreed  quite  well  among  themselves.  Divergence 
between  then  on  the  average  did  not  exceed 

l^d-bearing  ability  of  beams.  Tests  made  of  ccoipound  beams  frers  aluminum 
alloys  once  again  confirmed  the  well-known  assumption  that  buckling  of  web  of 
bean  still  does  not  iignify  exhaustion  of  its  load-bearing  ability,  and 
characterizes  only  transition  of  gi''an  structure  into  new  state,  at  which  it 
starts  to  work  according  to  other  diagram. 

Cemparisem  of  grapni  of  stresses  iii  different  elements  of  tost  samples  and 
lateral  deformations  of  web  shows  th<-t  in  beams  of  considered  series  buckling  of 
web  in  outer  penelc  occu  red  during  conparatlvely  small  stresses. 

During  loads  correspoiiding  to  this  state  in  center  panels  having  different 
ratios  of  geometric  dimensions  for  different  samples,  magnitude  of  normal  stresses 
in  outer  fibers  c**  flanges  constituted  from  5  to  12  Kg/na^,  and  shear  stress  in 
outer  panels  of  webs  -  1.5-9 

At  this  stage  of  work  of  beams  their  vertical  deflections  were  small  and 
elastic. 

Calculated  load  (Pp,  at  which  given  stresses  in  webs  attained  magnituide  of 
calculated  resistance  of  material,  was  on  the  average  2.7-3  times  higher  than 
criticalO'^Pj,)'  determined  in  accordance  with  reccomendatiocis  of  TU  [10],  for  beams  of 
I  series  1.4  ^  '8  higher  than  for  beams  of  II  series. 

At  this  s;*ge  of  work,  i.e,,  during  loads  P  Marudmum  stresses  in  outer 
fibers  of  flanges  in  center  panels  constituted  8-15  xg/mm^,  and  peraanent  sets  of 
beams  -  0.1-0. 3  rum. 

Further  increase  of  load  led  to  still  larger  grewth  of  total  and  local 
deformations  and  stresses  in  elements  of  beams. 


( 


Fig.  12,  Graph  of  shifts  of 
web  of  beam  BK-3  relative  to 
flange  comers  of  compressed 
flange.  Shift  gauge  No,  15 
was  located  on  opposite  side 
of  beam. 

KFY:  (a)  Diagram  of  location 
of  shift  gauges,  No,  7  and  15, 

T'.stitutei  respectively  on  the  average 

.tnu  ji  ana  14  kg/mm'^  -  for  beams  of  II 


Thus,  during  loads  equal  approximately 
to  (6-7)  /f.',.and  ( J  .4-J  ,7)  .  respectively 

for  beams  of  I  arid  11  series,  form  of 
graphs  of  ver*tical  deflections  of  beams 
started  to  take  on  nonlinear  character 
(Fig.  R).  With  these  loads  vertical 
deflections  of  beams  1  and  II  series 
constituted  respectively  magnitudes  on 
order  of  and 

and  mair.  tensile  stresses  ani  stresses  in 
outer  fibers  of  fl' ages  of  center  raneis 
32  ana  3R  kg/irjn^  -  for  beams  of  I  series, 


With  these  same  loads  there  were  obser’/ed  also  relatively  large  magnitudes  of 


shifts  between  web  and  elements  of  fla::go  of  beam,  as  this  may  be  see  frcin  Fig,  12. 

Total  exhaustion  of  load-oearing  ability  of  test  samples  occured  as  a  result 
of  failiire  of  web  in  center  stretched  diagonal  -  for  sdmrles  of  I  ana  II  series 
(Fig,  13),  and  local  ducklings  by  compreased  flange  -  for  sample  of  II  series 
(Fig.  14). 

Failure  of  riveted  beams  started  in  the  beginning  in  the  comer  of  the  most 
stressed  panel  betwesn  tw’o  rivets,  vfhere  there  was  observed  the  grcswcst  bend 
of  sheet  of  web  in  two  planes,  provoking  appearance  of  cracks  here,  but  then  this 
rupture  was  developed  further  to  neighboring  rivets  located  along  flange'  and 


stiffeners  of  beams 


Failure  of  Mb  in 


Fig.  14.  General  view  of  beam  BS-1,  ruptured  dur-> 
ing  test. 
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Fig.  15.  Genera"*  view  of 
ruptured  web  of  riveted  beam 
BK^. 


riveted  beams  occurred  in 
the  form  of  tear  of  sheet,  or 
appearance  of  cracks  between 
nearby  rivets  in  direction 
perpendicular  to  forming 
folds  (Fig.  15). 

For  test  simples  from 
BK-1  to  BK>B  and  BS-l  lim¬ 
iting  breaking  loads 
constituted  magnitude  equal 
respectively  to  45;  35.5; 

38;  56;  59;  57;  48;  43.5, 
and  12.8  t,  which  with 
respect  to  critical  loads 
(P^  )  constituted  following 

CT 

ratioss  (7. 8-8,3)  -  for 
beams  of  I  series;  (1.7’^.!)- 
for  beams  of  11  and  111 
series. 


5.  General  Remarks  on  Conducted  Tests 


As  e  result  of  conducted  tests,  it  is  possible  to  note  that  all  instruments 
and  nodes  of  tost  installations,  and  also  test  beams  themselves  basically  worked 
fully  satisfactorily. 


Tests  revealed  in  tent  beams  a  number  of  structural  deficiencies,  of  which  the 


most  important  was  too  close  dispositioi  of  rivets  to  one  another  on  an/^les  of 
panels,  and  also  to  edre  of  sheet  of  web.  In  these  sheets  there  was  observed 
lan’e  concentration  of  stresses,  evoking  here  destruction  of  web  in  the  form  of 
tear  of  sheet  or  appearance  of  cracks  between  nearby  rivets  in  direction  perpendic¬ 
ular  to  forming  folds. 

Furthermore,  conducted  tests  confirmed  necessity  of  further  study  of  questions 
of  local  stability  of  flanges,  overall  stability  of  beams,  and  also  of  long-term 
tests  of  beams  with  buckling  webs. 


6.  Conclusions 

On  the  basis  of  conducted  investigations  following  basic  ccnclusions  can  be 

made, 

1.  Webs  of  all  beams  had  initial  distortions,  attaining  small  magnitude  in 
riveted  beams,  on  order  of  0. 8-1.8  mm  (0.2-0,35  )  and  significant  magnitude  in 
weiaed  -  on  order  of  2-8  r  (o.  j-'i.  S). 

These  distortions,  usually  predetermining  direction  of  buckling  of  webs  and 
lowering  critical  loads  fc  -  them,  however,  had  no  essential  influence  on  general 
behavior  of  webs  and  ultimate  strength  o£  beams. 

2.  Angle  of  inclination  of  diagonal  folds  forming  after  buckling  of  web  in 
Cuter  panels  of  beams  loaded  by  combination  of  bend  and  shift  with  sufficient 
accuracy  for  practical  calculations  may  be  taken  equal  to  angle  of  inclination  of 
irain  diagonal  of  considered  panel, 

J.  In  riveted  beams  elements  of  circuit  created  for  webs  rather  high 
pinching,  for  which  experimental  magnitudes  of  critical  loads  exceeded  the  calculated 
detentined  by  SN  113-^'^,  on  the  average  by  20-30^. 

U.  Calculated  magnitudes  of  vertical  deflections  of  test  beams  rather 
clcaely  corresponded  to  those  measured,  scxnowhat  exceeding  tricn;.  The  biggest 


divergences  within  limits  of  17%  were  observed  for  riveted  beams,  which  is 
explained  by  influence  of  groat  rigidity  of  nodes  connecting  flange  and  upright 
in  test  beams. 

Fu»^hennore,  measured  magnitudes  of  vertical  deflections  of  beams  were  in 
good  agreement  with  calculated  magnitudes,  determined  also  usual  formulas  of 
resistance  of  materials,  but  taking  into  account  influence  on  deflection  of 
shear  force. 

5.  Magnitudes  of  vertical  deflections  of  beams  in  claculated  loads  (^p) 


6.  Beginning  of  buckling  of  webs  does  not  evoke  sharp  increase  of  vertical 
deflections  of  beams. 

7.  Measured  magnitudes  of  normal  and  shear  stresses  and  also  law  of  their 
change  through  height  of  beam  were  close  to  those  calculated  which  confinned 
correctness  of  premises  assumed  In  basis  of  caXculaticn  of  beams  with  webs  of 
different  thicknesses. 

The  i  deviationi  between  measxu^  and  calculated  magnitudes  on  the 

average  constituted  7%  for  shear  stress is  and  9^  for  normal. 

8.  It  is  possible  to  consider  fully  acceptable  the  assumption  taken  in 
calculations  about  uniformity  o/  distribution  of  shear  stresses  throu^  height 

of  wall,  inasmuch  as  divergence  between  the  biggest  and  least  measured  magnitudes 
of  shear  stresses  in  the  same  secticn  of  beam  was  spdbsII. 

9.  Main  tens-’le  stresses  <>1.  effective  in  outer  panels  of  beans  along 
diagonal  folds,  are  distributed  both  along  and  across  them  very  nonurdfonnly, 
attaining  the  biggest  magnitude  in  centers  of  panels.  Here  with  decrease  of 
thickness  of  webs  and  increase  of  bond  rigidity  of  flanges  this  irregularity  in 
distribution  of  stresses  decreases. 

10.  Beams  planned  according  to  "Technical  epees  of  designing  of  structures 
frem  aluminum  alloys"  (SN  113-60)  under  loads  %d.thin  limits  of  critical  (Pjr)- 


i.e.,  the  calculated  as  dr  f  s'^irjed  by  TU  [10],  showed  fully  catisfactory  af'reement 
of  results  of  tests  with  I'esults  obtained  on  the  basis  of  TU's.  Kurthennore,  there 
was  revealed  a  real  possibility  of  exploitation  of  beams  during  loads  exceeding 
critical  (P!,)’ by  approximately  1.4-3  and  more  than  once  in  relation  to  thickness  of 
web,  since  with  decrease  of  thickness  of  webs  unaccounted  reserves  of  efficiency 
of  beams  increase  still  more.  This  circumstance  gives  basis  for  subsequent 
introduction  of  a  number  of  appropriate  recommendations  to  TU,  and  makes  us 
consider  it  necessary  to  continue  these  investigations  for  more  precise  definition 
of  a  number  of  little  studied  questions  on  work  of  beams  after  buckling  of  web. 
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ASSORTMENT  OF  CENERAUUSAGE  PROFILES  FROM  ALUMINUM  ALLOYS 


A.  G.  lanarman  Cand  of  Tech.  Sciences 

Although  contemporary  technology  of  manufacture  of  profiles  from  aluminum 
alloys  by  method  of  hot  pressing  or  bending  is  comparatively  simple  and  allom 
us  to  obtain  profiles  of  practically  any  configuration  with  large  variety  of 
dimensicmsy  it  is  necessary  to  have  assortment  or  catalog  of  certain  general- 
usage  structural  profiles.  This  is  dictated  by  both  economic  considerations  and 
also  by  considerations  of  accexaraticn  of  production,  easing  of  designing,  and 
assurance  of  proper  quality. 

Necessity  in  assortment  of  general-usa^  profiles  which  will  be  conbined 
with  special  ones,  practicable  for  given  concrete  structure  is  confinaed  by 
experience  of  application  of  li^t  alloys  in  adjacent  branches  of  industry  (in 
aircraft  and  shipbuilding),  by  analysis  of  existing  structures,  and  by  foreign 
practice.  In  a  number  of  countries  -  KnglarxJ,  France,  FRC,  Japan  -  along  with 
ccmpany  catalogs*  there  are  state  standards  cn  building  profiles  from  alimdnum 
alloys. ♦♦  In  r^iised  structures  together  with  special  profllee  there  are  also 

*Cegedur,  Conpanls  generals  du  duraltoine  et  du  cuivre,  I^ris  (catalog  of 
profiles);  Reynolds  Aluminium  (catalog  of  profiles),  and  others. 

**BS-1161-1951,  Aluminium  and  AlaaLnium  alloy  Section;  DIM  1771  (angles), 
9712  (I-beams),  9713  (channels),  9714  (tees);  NF  H65-162-1950,  French  standards. 


used  the  "classical,"  form  of  wtiich  was  predetermined  by  developnont  of  steel 

r>t met  urea. 

Our  present  standards  and  catalog  of  former  Ministry  of  Aviation  Industry 
[?)  do  not  satisfy  need  of  builders,  since  profiles  included  in  them  have  small 
dimensions  and  do  not  correspond  to  requirements  of  TU  5N  [Tech.  Specs  and  Building 
Standards]  113-60  [8].  At  disposal  of  builders  have  to  be  profiles  of  two 
categories,  first,  profiles  designed  for  architectural  finishing,  transoms, 
stained  glass  panels,  and  also  wall  and  roof  barriers j  secondly,  profiles  load- 
bearing  structures. 

In  this  article  there  is  given  data  on  planning  of  assortment  of  general- 
usage  profiles  for  load-bearing  structures,  developed  in  Scientific  Research 
Institute  oti  Constxniction  of  Ministry  of  Construction  of  RSFSR.  It  was  cemposed 
cn  the  basis  of  pi»jsontsd  method  including  main  concepts  of  general  theory  of 
assortment  of  metallic  profiles  [1—5],  and  it  contains  equal-sided  and  unoqual- 
sidea  ar.gles  with  beads  and  without  beads,  I-beams  and  ordinary  channels  with 
flarii^es,  st  ■'en;' .rnr  beaus,  bead  tees,  tubings  and  certain  other  profiles. 

A  Li  of  thtrj  can  be  prepared  frem  aluminum  alloys  recoeanended  in  TU  SN  113-60. 

1.  Basic  Concepts  of  Method  of  Develoment  of  Assortment 

In  development  of  profiles  included  in  assortment  and  of  the  assortmenit 
itself  on  the  whole  there  we’~5  taken  into  account  general  requirements; 

a)  technology  of  pressing  with  respect  to  overall  dimensions  of  section, 
thi-knesses  of  walls,  rai  .  ouwature,  and  linkages,  of  length,  and  so  forth; 

o )  technology  of  nanufacture  of  structures  in  respect  to  simple  and  convenient 
carr’.’lng  out  of  nodal  and  butt  joints  of  elements,  laying  of  welded  seam, 
distrioition  of  rivets  and  bolts,  etc.; 

c)  cccnory,  strength,  and  stability  in  accordance  with  assignment  of  profile, 
last  requirements  are  interconnected  and  are  satisfied  by  means  of  rational 


distribution  of  muterial  in  section,  application  of  bead  thickenings  of  flanges 
of  profiles  working  under  ccmpressicm,  differentiated  by  assignment  of  relative 
thickness  (  6  /b)  walls  of  profiles,  acceptance  of  variable  coefficient  grading 
of  assortment. 

Dimensions  of  profile  frcsn  the  point  of  view  of  technology  of  its  manufacture 
are  limited,  on  the  one  hand,  by  power  of  press  determining  diameter  of 
container,  ingot,  and  diameter  of  dimensional  circle( circle  drawn  around  section 
of  profile);  and  on  the  other  hand,  by  power  of  drawing  machine  for  straightening 
of  profile  after  pressing.  Power  of  contemporary  presses  reaches  12, 000-14, CXX)  t 
[9,  10],  ccrrespcRidir.g  dimensional  circle  has  diaiaeter  of  58-62  cm,  however,  the 
more  widely  used  presses  have  power  to  5>000  t  [6].  TU  SN  113-60  establish 
in  connection  with  this  a  dimensional  circle  with  diameter  of  32  cm,  allowing  for 
separate  cases  a  circle  with  diameter  of  58  cm.  Dimensional  circle  of  profiles 
of  assortment  does  not  exceed  this  last  magnitude.  Power  of  drawing  machines 
limits  not  overall  dimensions,  but  area  of  cross  section  of  profile.  The  most 
widely  usea  machines  are  those  allowing  us  to  straighten  profiles  with  area  up 
to  50  cm^,  although  straightening  is  possible  of  profiles  and  with  larger  area. 

In  practice  contemporary  equipment  allows  us  to  prepare  profiles  with  area  of 
secticsi  from  0.1-0. 3  to  200-300  cm^  [6],  In  assortment  the  biggest  area  of  section 
is  200  an^. 

Kinifflum  thickness  of  wall  of  purofile  depends  on  its  overall  dimensicn.  With 
diameter  of  dimensional  circle  of  60  cb,  least  thickness  constitutes  2-2.5  mm, 
with  circle  of  320  ran,  6-8  lac.  Because  of  condition  of  resistance  to  corrosion, 
TU's  of  designing  allow  least  thickness  of  profiles  for  load-bearing  elooents 
inside  building  and  for  elements  protruding  outside  1.5  nm,  aivi  for  stnictures 
exposed  to  open  air  3  nm. 

In  profiles  of  assortment  miniiiuB  thickness  of  wall  was  designated,  taking 
these  new  requirements  into  account. 


I-enicth  of  profile  is  deteminsd  by  TU  y>N  113-60  according'  to  dimensicns  of 
billet  and  size  of  drawinj^  machines;  volume  of  finished  article  must  not  exceed 
80^  of  volume  of  billet,  which  with  dimensional  circle  of  3^  cm  has  diaineter  of 
li+.t'  on  and  length  of  U.*'  an.  In  nractice  length  of  semifinished  product  must 
not  exceed  10-12  tci,  >^reater  Icnrths  are  established  by  ap^reement  with  manufacturer, 
lenrth  of  articles  not  sucjeoted  to  heat  treatment  nay  be  scmewhit  increased. 

h-adii  of  curvature  are  fxxed  according  to  indications  of  appendix  Kh  of 
TU  ;'N  113-00. 

In  planned  profiles  this  radius  (Fig.  l)  is  taken  equal  two  thicknesses  of 
flai'iges,  which  in  all  cases  satisfies  formxilas  shewn  in  TU.  This  is  senewhat 
lareer  than  that  taken  in  foreign  assortments,  but  according  to  investigations, 
increase  of  radius  of  curvature  improves  resistance  of  profile  to  torsion.  Radius 
of  curvature  of  flan;’;es  and  bead  is  fixed  at  1.5  nm  with  thickness  of  wall  to 
10  re,  and  2  rr  wi’.h  r.hirkness  of  more  than  10  mr. 

Allowances  for  dimensions  of  aides,  for  thicknesses,  and  radii  of  curvature, 
ana  aj.so  I’cr  aifferent,  aeflecticns  am  aistortiens  of  form  are  reruiatea  by 
existing  technical  specs,  depending  upon  type  of  alloy.  Hewever,  in  accordance 
wiir.  recommendations  of  technolop^ists  for  building  profiles,  allowances  for 
dir.enslonr  are  taken  senewnat  larger. 

’urin?  establishment  of  confi^naration  of  profiles  it  wis  considered  that  for 
normax  course  of  nrocess  of  pressing,  when  there  is  unifom  discharge  of  metal 
tnrrucn  die  and  for  elimirati<^  of  waste  one  stiould  avoid: 
a)  tnin  walls  on  big  cross  sections; 
c)  noilow  secticTss  with  very  narrow  slot  (slit); 

c)  sections  vitn  walls,  thioicnesses  of  which  stronglj’  differ  among  themselves. 

■  rjc;  tne  t«c  nt  of  view  -f  technolog;.'  of  manufacture  of  structures  it  is 
;.ecec3arn-  that  orm  of  profiles  ensure  pos5ibil'‘ty  of  good  a.nd  ''onrenient 


Fig,  1,  Diagram  of 
prasaad  profiles  ijitro- 
ducad  in  project  of 
assortwmt., 


allowing  us  to  position  rivets  in  ri'^ted  joints,  Inasamch  as  technology  of 
pressing  allows  this,  flanges  of  profiles  were  planned  with  parallel  surfaces; 
this  simplifies  joining  of  elsrwnts  and  rivet-tr*g. 

Distances  between  parallel  walls  of  one  profile  were  take:;  frcn  condition  of 
possibility  of  rsaliaation  of  starting  of  electrodes  or  riveting  machine.  Edges 
of  profiles  have  to  be  by  convenient  for  Laying  of  longitudinal  fillet  welds. 

Reqtiiresients  of  econmy,  strength,  and  stability  are  foraulated  in  accordance 
with  fcrces  under  which  profile  is  intended  to  work. 


Assii 


\X,  of  Lijwnaicns  of  Profiles 


Economy  of  profiles  working  under  conpression,  in  particular  comers  and 
tees,  is  higher,  the  greater  the  value  of  specific  radius  of  gyration 


I 


(1) 


where  F  -  area  of  section; 


i  -  radius  of  of  section. 

Kaximuin  magnitudes  of  igp  are  attained  at  least  values  of  thickness  of  flan^^es 
(walls).  Thickness  of  flange  or,  more  exactly,  ratio  between  it  and  width  of  flange 
h/h  is  dctfcmined  by  local  stability.  limiting  values  of  b/(5  are  given  in  TU; 
they  depend  on  type  of  alloy,  structural  shaping  of  feather  of  comer  or  edges 
o;‘  wall,  and  change  witn  change  of  overall  flexibility  of  element.  For  usual 
'  ^rricr,  for  instance  from  alloy  Llb-T,  with  flexibility  19,  b/t  =  R.5;  and 
lor  comer  frcin  alloy  AMg6-fl  -  with  flexibility  A-  104,  b/t  =  16.5  (here  b  - 
widr.h  of  flange  from  back  edge  to  feather). 

Corresponding  values  of  specific  radius  of  gyration  with  respect  to  an  axis 
[■.rallel  tn  wail,  ixssp  constitute  0.64  and  0.9;  difference  is  significant  -  40^. 

Owltig  to  low  elastic  modulus  of  alloys  of  aluminum,  assurance  of  stability 
j^r.ouid  oe  ^ivan  serious  attention.  Together  with  that,  high  cost  of  alloys 
requires  creation  of  especially  economic  profiles.  Acceptance  of  least  limiting 
value  of  b/d  according  to  the  most  unprofitable  case  would  contradict  this 
requirement.  Relative  thickness  of  walls  of  profiles  working  under  ccmpression 
shovild  ne  designated  differentially.  During  development  of  assortment,  this  was 
d  uie  with  help  of  nomographs  composed  for  selection  of  section  of  ccmpressed 
^ :  er.ents . 

■ccording  to  technical  specs  of  designing  of  building  structures  from 
aluiru-niim  alloys  TN  113-60,  during  selection  ol  sections  of  compressed  rods,  there 
nave  no  be  observed  requirements  of  overall  and  local  stability.  Section  will  be 
selected  ration'’ily,  if  it  has  not  unnecessary  reserve  with  respect  either  to 
overall  or  local  stability,  i.e,,  when  load-bearing  ability  will  be  used  completely. 

'  .1  fi  i  imerit  of  this  condition  during  selection  of  sections  by  separate  attempts 
uuiU’  1  aior-consuniing.  Application  of  special  monographs*  allows  us,  using 


^Method  of  construction  of  nomographs  was  offered  by  fu,  B.  Shul'kin,  engineer. 


given  calcuUted  length  of  rod  and  »*ffort,  to  find  without  difficulties  efficient 
-action  of  given  configuration. 


Area  of  compressed  section 


whore  =•  =  mF  9 

N  “  calculated  effort; 
m  -  coefficient  of  conditions  of  work; 

?  -  coefficient  of  longitudinal  bend; 

K  -  calculated  resistance. 

Area  of  section  may  be  expressed  through  basic  dimension  of  profile  b,  its 
thickness  and  form  factor  k: 

F  =  kb&.  (3) 

For  one  simple  equal-side  comer  without  beads  k  =  2  -  0,142—  ;for  one 

b 

comer  with  beads  of  trapezoidal  form  k  =  2  +  7.86  —  ;for  other  profiles  k  can 

b 

also  be  determined  as  function  of  ratio  of  thickness  to  width  of  characteristic 
side  of  section. 


Hence 


(5) 


With  given  form  of  section  of  quantities  <r  X,  and  n  and  are  interconnected: 
each  value  of  a  with  known  m  and  R  corresponds  to  certain  ?  and,  this  means 
and  the  latter  in  turn,  according  to  TU,  corresponds  to  certain  value  of  n.  Thus, 
formula  (^)  establishes  mutual  conformity  between  and  any  of  quantities  o,  X  j 
and  n. 


Fig.  2.  Nomograph  for  selection  of  sections  of 
compressed  rods  from  alloy  D16-T 


Depicting  graphically  dependence  of  n  on  X  or  the  same  on  —  =  c  x,and 

b 

magnitudes  of  on  x  and  3.  we  can  obtain  nomograph  for  selection  of  sections 
satisfying  simultaneously  requirements  of  overall  and  local  stability. 

Such  nomographs  were  composed  for  selection  of  sections  from  pair  of  simple 
equal-sided  comers  (without  beads)  and  comers  with  beads  adjacent  to  f]^ges  in 
reference  to  profiles  from  all  alloys  recommended  in  TU  SN  113-60.  In  Fig,  2 
there  is  shewn  <me  of  them  -  for  two  simple  angles  from  alloy  D16-T,  Use  of  it 
quite  simple:  by  known  force  from  calculated  load  N  (in  tone)  and  calculated  length 
of  rod  1  (in  m)  there  is  determined  ratio  on  rtght  graph  by  this  ratio  we 
find  flexibility  A  and  here  on  center  scale  we  find  magnitude  of  e  “  mR  ? ,  On 
left  graph  on  axis  of  abscissas  we  obtain  corresponding  value  of  n  -  and  on  axis 
of  ordinates  -  ratio  -  :  and  since  length  1  i»  know,  be  found  ~  we  calculate 

b  *“  '  b 

dimension  b,  and  then  by  this  dlmeuion  and  magnitude  of  n  -  thickness  5  .  Thus, 

there  are  obtained  all  dimensions  of  profile  forming  section.  By  these  dimensions 
from  assortment  choose  the  nearest  largest  profile. 


NomoKraphs  %»r«t  composad  for  T-ehapad  sections  from  two  angles  when  coeffi¬ 
cient  of  ccmditions  of  work  m  ==  O.fi.  With  help  of  special  conversion  factors  they 
may  be  used  for  other  sections  and  profiles  with  other  values  of  m,  only  if  limiting 
overhang  of  flanges,  determining  local  stability,  have  the  same  dependence  on 
flexibility  that  exists  for  shown  angles. 

Method  of  assignment  of  thicknesses  will  be  shown  in  example  of  equal-sided 
angles  vdthout  beads. 

Analysis  showed  that  the  biggest  practically  possible  value  of  magnitude  of 

(where  N  -  calculated  force  and  1  -  calculated  length)  in  heavy  structures 
constitutes  nearly  6.  This  value,  depending  upon  type  of  alloy,  on  ncoographs 
corresponds  to  flexibility  from  22  to  40  or  ratio  1/b  from  7  to  12;  least  value 
corresponds  to  alloy  AMg-W,  the  biggest  to  D16-T  (of  the  latter  one  can  be  convinced 
frem  Fig.  2;  nemograph  for  alloy  AMg-M  is  not  shown  there.  Mixiiaum  value  of 
magnitude  of  --p  in  calculations  may  be  veqr  small,  but  by  requirements  of  TU 
flexibility  of  cempreased  elements  must  not  be  more  than  120,  ratio  1/b  here  is 
equal  to  33.  It  is  possible  to  consider  that  in  usual  structures  calculated 
length  of  compressed  elements  made  from  angles  within  limits  lies  1,000  to  4,000  mm; 
then  minimum  width  of  flange  of  angle  in  assortment  will  constitute  1,000:  38  =  26 

mm,  maximum  width  is  found  quite  significant,  but  for  constructional  considerations 
it  can  be  limited  to  250  m.  Within  these  limits  width  of  flanges  and  its  gradation 
is  expediently  taken  from  conditions  of  ccossunity  the  same  as  in  standard  on  steel 
angles,  i.e.,  in  twentieth  row  of  preferable  numbers  (see  All-Union  Government 
Standard  8032  -  56). 

For  deteimnation  of  magnitude  of  n  =  b/S  corresponding  to  certain  dimension 
of  b,  we  consult  graph  of  dependence  of  n  on  X  (Fig.  3),  built  according  to  TU  (this 
g’aph  corresponds  to  left  graph  of  nomograph  for  selection  of  sections).  We 
note  limitlmg  lines:  on  the  left  -  for  alloy  D16-T  within  limits  of  flexibilities 
from  AU  to  12U,  and  on  the  right  -  line  for  alloy  AD33-T1  within  limits  of  flexi¬ 
bilities  from  22  to  69,  ar.u  further,  line  for  alloy  AMg-M  to  point  corresponding 


to  flexibility  Ul)  (Fi/».  j),  Wc  break  noted  limitJnp.  lines  (sui  generis)  into 
aevoral  separate  sections,  ami  we  flml  values  corresr^ndin/'  to  these  sections 
"*  ^miti  *’inax*  vaJuoa  are  <»iven  in  Table  ], 

My  this  table  we  established  conformity  between  dimensions  of  b  and  values  of 
n;  result  is  riven  in  Table 

Kor  establishment  of  thicknesses  6  we  must  divide  width  h  into  values  of  n 
corrrspondinn  to,  lyin/:  within  limits  shown  in  Table  2. 


Fig.  3>  Relationships  between 
geometric  dimensions  and  flexi¬ 
bility  of  bars  of  angular  sec¬ 
tion, 

KEY;  (a)  D16-T;  (b)  V92-T; 

(c)  Dl-T;  (d)  AWg6l-M,  AV-Tl; 
(e)  AD33-T1;  (f)  AMg6-M,  AV-T, 
AD31-TI;  (g)  AMg-M,  AMts-M, 
Md31-T;  (h)  AV  r illegible]. 


In  practice  least  width  of  6 
angle  in  assortment  is  taken  not  as 
26,  but  45  mm,  inasmuch  as  small 
angles,  generally  encountered  quite 
rarely,  are  in  All-Union  Government 
Standard  8110-56.  Thicknesses  are 
designated  in  accordance  with  Table 
2  and  in  such  a  manner  that  differ¬ 
ence  between  adjacent  values  of  them 
are  not  exceeded  by  magnitude  of 
allowance's. 

Thanks  to  application  of  described 
method,  in  assortment  there  can  always 
be  found  economic  profile  applicable 
to  any  of  alloys  recommended  by  ITJ,  but 


this  does  not  mean  that  any  profile  is  suitable  for  any  alloy  -  during  selection, 
there  have  to  be  observed  requirements  of  HI. 


Table  1.  Limitin,??  Valuea  of  n,  b^^,  and  b^y 
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KEY:  (a)  Left  limiting  line;  (b)  Right  limiting  line. 


Table  2.  Value  of  Ratio  of  n.  Depending  Upon  Width  b 
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1 

32—10 

40-  53 
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160  210 
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! 
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1 
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1 17-11 
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13,5-9.8 

KFY;  (a)  and  morm 


Assortment  of  other  comer  profiles  and  tees  was  composed  analogously.  Forr 
and  dimensions  of  beads  (trapesoidal  fom)  in  angles  with  beads  are  taken  on  the 
basis  of  data  of  iinvestigatlons  cf  local  stability  of  these  profiles.  This  fora  is 
rather  simple  constructively  and  is  convenient  for  laying  of  welded  seam.  Dimensions 
of  flanges  in  unequal-sided  angles  are  taken  in  accordance  with  recconendations  of 
TU,  establishing  ratio  of  sides  as  3  :  2  for  obtaining  of  identical  moment  of 
inertia  about  both  axes  during  designing  of  ccmpcund  sections. 

With  respect  to  gacn^try  of  stretched  elements  no  special  requirements  are 
presented,  and  they  are  usually  executed  from  the  same  profilee  which  are  useful 
for  *'ork  under  compressicn. 

Economy  of  profiles  wcx4cing  basically  under  bend,  those  of  I-beam  and  channel 
type,  is  higher,  the  greater  the  specific  moment  of  resistance 


{87-  the  biggest  moment  of  resistance  of  section). 

Maximum  value  of  specific  moment  of  resistance,  as  it  is  known,  is  attained 


during  equal  distribution  of  material  be'^ween  wall  of  profile  and  flanges.  In 
this  case 


where  n  =»  -*  ; 

i 

h  -  height  of  wall; 

6  -  its  thickness. 

Other  things  being  equal,  the  most  profitable,  consequently,  is  that  profile 
for  which  owing  to  condition  of  stability,  there  may  be  allowed  minimum  thickness 
of  wall.  Under  allowances  of  TU  for  I-beams  and  channels  working  under  bend, 

Y  roaxiBnimjjrgp  *  1.5. 

Change  of  ratio  of  amount  of  stf.terlal  in  wall  to  total  amount  from  0.5  to  0.4 
lowers  economy  of  profile  by  approximately  1^,  while  decrease  to  0.3  lowers  it 
by  5t  [l]. 

Coefficient  of  gradation  of  assortment,  i.e.,  ratio  of  area  of  section  of 
subsequent  profile  in  assortment  to  area  of  preceding,  should  be  yarlable.  Least 
value  -  on  order  of  1.05  ■*  should  correspond  the  most  coononly  used  profiles. 

This  ensures  the  most  eccncmic  selection  of  sections  of  elements  of  structures 
without  unnecessary  reserves. 

3.  General  Data  on  Assortment 

In  Fig.  1  there  are  presented  diagrams  of  basic  profiles  of  assortment  on 
tne  whole. 

In  assortment  of  equal-sided  angles  without  beads  there  are  55  profiles,  in 
assortment  of  equal-sided  angles  with  beads  -  48;  lenst  dimension  of  b  of  these 
angles  is  45  bb,  the  biggest  -  250  mm.  Of  unequal -sided  angles  without  beads  there 
are  also  48,  and  unequal-sided  angles  with  beads  -  42.  Least  dimension  of  side 
b  is  45  BB,  the  biggeet  -  200  n.  Specific  radius  of  cyration  with  respect  to  an 
axis  parallel  to  wall  of  equa] -sided  angles  without  bead  is  0,7-0, 9,  of  equal- 
side  angles  with  beads  it  varies  from  0,78  to  0.98.  'Hius,  effectiveness 


of  angles  with  beads  if  10^  higher  than  effectiveness  of  simple  angles.  The  latter 
in  ccnpressed  elements  should  be  applied  only  i  special  cases,  when  this  is 
necessary  for  constructional  considerations;  basically  they  are  applied  in  stretched 
rods, 

v'oefficient  of  gradation  in  assortments  on  angles  for  the  most  ccnmonly  used 
profiles  is  1,03-1.03;  for  loss  commonly  used  big  profiles  it  is  1,06-1,1, 

Tees  are  used  in  canpressed  rods  and  for  formation  of  compound  sections 
capable  of  working  under  compression  and  bend.  Dimensions  are  selected  in  such  a 
manner  that  section  has  identical  rigidity  relative  to  both  axes.  Height  h  of 
smallest  profile  is  70  mm;  of  the  biggest  -  210  nm;  width  b  of  smallest  profile 
is  100  mm;  of  the  biggest  -  300  nm.  Specific  radius  of  gyration  of  sections  is 
0.8-0, 9,  coefficient  of  gradation  is  1. 1-1.2,  Number  of  profiles  in  assortment  of 
tees  is  15. 

Assortment  of  simple  I-beans  and  chaxmels  (%rithcut  beau-streivgthened  flanges) 
contains  two  groups  of  profiles:  one  is  Intended  for  work  both  under  bend  and 
compression  (profiles  No,  8,  10,  12,  14,  and  all  others  with  index  "b"),  the  other  - 
only  for  work  under  bend  (from  No,  16  on  with  index  "a").  For  the  first  ratio 
hp/i  (hp  -  inside  height  of  wall  oetween  flanges,  6  thickness  of  wall)  is  taken 
equal  to  25,  and  for  the  second  -  45.  Such  delimitation  allows  us  to  select  more 
efficiently  when  we  need  section  of  beams,  which  is  very  important,  owing  to  low 
elastic  modulus  of  alloys  and  impossibility  of  complete  use  of  calculated  resis¬ 
tances  to  bend  in  simple  spans.  Calculated  overhand  of  flanges  bp/^  in  these 
I-beams  and  channels  is  taken  equal  to  7.5,  distribution  of  material  betwsen  flanges 
and  wall  is  approximately  identical,  which  is  the  most  profitable. 

Specific  monent  of  resistance  of  orofiles  intended  for  work  under  bend 
constitutes  1.5.  In  Fig.  ua,  b  there  are  given  graphs  of  dependence  of  H'  on 
F  for  profiles  of  different  assortments  of  I-beams  and  channels;  from  these  graphs 
one  can  be  convinced  that  developed  profiles  with  index  "a"  are  the  most  econcnd- 
cal  -  their  curve  lies  significantly  higher  than  others. 


Fi/^.  U.  Comparison  of  characteristics  of  rolled  profiles 
of  different  assortment, 
a)  I-beams;  b)  channels. 

KEY:  (a)  Special  designations;  (b)  Profiles  of  French 
standard;  (c)  Profiles  of  German  standard;  (d)  Profiles 
of  English  standard;  (e)  Profiles  of  American  assortment 
of  Alcoa  firm;  (f)  Profiles  of  preferred  project  of 
assortment;  (g)  Profiles  of  assortment  of  British 
Aluminum  Company  (vrith  bulbs). 


Coefficient  of  gradation  of  these  profiles  is  1.05—1.1.  I-beams  and  channels 
with  flanges  and  strengthening  bulbs  are  designed  for  use  basically  in  compressed 
and  is  compressed-bent  elements;  specific  moment  of  resistance  of  them  in  plane 
of  the  highest  rigidity  if  less  than  for  simple  I-beams  or  channels,  but  during 
work  in  plane  of  least  ridigity*  they  have  best  indices.  Coefficients  of  gradation 
of  them  is  1.15-1.22.  Number  of  profiles  in  assortment  of  I-beams  is  23,  of 
I-beams  with  flanges  and  strengthening  beads  -  13,  of  channels  -  24,  channels 
with  flanges  and  strengthening  beads  -  14.  Least  height  h  of  all  channels  - 
HO  mm,  of  I-beams  -  loo  mm,  the  greatest  height  of  these  profiles  is  4(X>  mm. 

Assortment  of  tubing  is  partially  covered  by  assortment  of  All-Union  Govern¬ 
ment  dtandani  1947-56,  but  in  accordance  with  TtF  it  contains  profiles  with  thinner 
’/-•ills-  which  makes  it  more  favorable.  Least  external  diameter  of  tubing  0-32  mm, 
the  biggest  -  250  mm.  Number  of  profiles  in  assortment  of  tubing  -  136. 


Mcaides  those  shown,  in  assortinent  there  is. included  a  number  of  profiles 
("hat",  wido-flanp?  T-ixvim,  ani  others),  mahu'factiire  *6f' which ‘Has  alfe.'Aijy- been 
iiiastered  b.v  factoriojj  .-uhl  wiiieh  were  applioJ  in  structures.  These  f<rofiles  are 
oiiaracteri/.oil  by  profjtahJo  location  of  material 'by'bectioh  and”  thus,  as  anf'J*.- 
with  be,-uls  and  as  toes,  'nieet  speejflcatiohs  of  aLufhinujh' stj^cturen, 

Wj  til  accuhiu  lati«in  of 'iiesi/^fj  and  building  exf>orionce.  Jt  i  s’ considero') ' 
ex|H\l:icnt  in  the  future  to  suppJement  assortment  with  new  ouecesuful  profiJes  lor 
use  in  newly  desipno*!  structures.  . 

For  all  profiJes  there  have  been  calculatefi  corresponding'  geometric  character¬ 
istics. 


4.  Brief  Conclusions 


Project  of  assortment  of  general -usage  profiles  for  building  structures  was 
composetl  on  the  basis  of  specially  developed  method,  including  main  concepts  of 
general  theory  of  assortment  of  metallic  profiles. 

Indices  of  a  number  of  planned  profiles  from  the  point  of  view  of  their  economy 
is  higher  than  foreign  ones. 
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DESIGNING  OF  CERTAIN  TYPES  OF  ROOF  AND  WALL  PANEIS  WITH 
APPLICATION  OF  BENT  PROFILES 

K.  D.  Fink,  Engineer 


1.  Introduction 


A3  it  is  known,  questicn  of  sharp  lowsring  of  »«igF  of  nawXy  raised  structures 
has  great  value,  since  weight  of  transported  building  materials  for  seven-year-plan 
constniction  attains  impressive  dimensions, 

ApnlicaticMi  in  construction  of  industrial  buildings  of  large-  ,^el  plates  for 
coverings  from  aluminum  alloys  with  light  heating  allows  us  to  sharply  lower  weight 
of  structures. 

Elxperimental  designing  bureau  of  ASIA  [Academy  of  Construction  and  Architecture] 
of  USSR  Jointly  with  laboratory  of  metallic  structures  of  TsNIISK  [Central  Scientifi: 
P.esearch  Institute  of  Structural  Parts  j  is  developing  certain  forms  of  lightened 
coverings  for  industrial  buildings  from  ccld-stamped  corrugateo  aluminum  sheets. 

Lower  there  is  given  descriptiori  of  four  such  large-panel  plate*. 

Construction  and  resigning  of  RvX)f  Plates  From  Al\gdn\aa  Alloys 


Designing  of  plates  of  coverings  was  done  on  the  basis  of  "Technical  specs 
of  designing  of  structures  frcm  alucintm.  alloys'*  SN  113-60,  approved  by  Gosstrcy 


of  USSR,  in  1960. 

Turing  designing  of  plates  there  were  considered  following  loads: 

1)  gravity  of  structure  (coefficient  of  overload  1,1)  with  weight  of  heater 
for  heated  piateo  (coefficient  of  overload  1.2); 

2 

2)  snow  load  according  to  SN  69-59  for  region  III  for  anew  cover  (100  kg/m  ); 
coefficient  of  overload  1.4. 

Rated  dimensions  of  plate  6  X  1.5  m. 

Plate  is  designsd  as  a  beam  on  two  supports.  During  calculation  for  deforma¬ 
tions,  ultimate  deflection  of  plate  is  taken  equal  to  1/125  of  span. 

Plates  aro  not  calculated  for  application  in  places  of  drop  of  heights,  where 
additional  snow  pockets  are  formed. 

Heated  plates  are  intended  for  calculated  temperatures:  external  minus  35 
and  internal  plus  18*.  Relative  humidity  of  internal  air  in  location  is  not 
limited. 

Plates  have  been  developed  for  use  as  coverings  of  single-span  industrial 
buildings  without  skylights  with  unified  spans  and  external  water  outlet.  They 
are  laid  upon  upper  rUnges  of  steel  girders  having  incline  of  1/12,  with  smaller 
incline  forming  steps  amcarg  thesnselves,  which  ensures  free  drain  of  water,  allowing 
us  simultaneously  to  provide  reliable  watertight  joint  between  plates  without 
application  of  Ruberuid  sheet. 

Plates  are  being  developed  both  for  cold  and  for  heated  industrial  buildings. 

As  heater  there  are  taken  mineralised  mats  in  synthetic  binder  of  brand  S-100, 
constituting  piece  flexible  articles,  obtained  by  means  of  impregr»tior.  of  fibers 
in  process  of  their  formation  by  solution  of  synthetic  resina,  with  subsequent 
packing  uf  panels  and  heat  treatment  for  polymerisation  of  binder. 

Production  of  these  mats  up  to  now  was  retarded  exclusively  owing  to  acute 
shortage  of  phenol  resins.  At  present  the  output  of  mats  has  increased.  Cost 
price  of  aineralii.d  mats  has  been  Icwered  drastically  and  continues  to  be 


Jowered.  Volumetric  weight  of  mat  -  100  kg/m^  with  coefficient  of  thermal 
conductivity  in  dry  etate  at  a  temperature  30“  — 0o04  kilocalorie/m  hour  deg. 

Mechanical  strength  of  mats  ie  low,  therefore,  they  are  applied  with  facing  frcm 
asbestos-cement  sheets  with  thickness  of  6  mm. 

For  the  purpose  of  prevention  of  formation  of  condensate  on  internal  surface 
of  upper  aluminusn  sheet  of  heated  plates,  space  above  thermal  insulation  layer 
is  ventilated,  or  which  in  face  parte  of  plate  there  are  provided  appropriate 
air  holes. 

Linkage  of  plates  among  themselves  is  carried  out  by  fold  of  edges  of  upper 
sheet.  Along  one  aide  edge  of  sheet  is  bent  downwards,  and  along  other  three 
sides  -  upwards. 

Thanks  to  such  form  of  sheet,  slots  between  plates  are  covered  by  upper 
sheet  of  plate  lying  above  it  on  incline j  slots  along  short  sides  (across  drain) 
are  covered  with  overlay  stripe. 

Packing  of  Joint  between  plates  is  attained  by  laying  a  strip  in  them  of 
poroizol  (spongy  mixture  of  rubber  and  asphalt).  Aluminum  elements  of  plate  are 
connected  among  themselves  with  the  help  of  resistance  (point)  electric  welding, 

IVo  types  of  roof  plates  have  been  planned:  flat  type  1  and  corrugated  type 
2.  For  each  of  these  plates  there  is  foreseen  cold  and  heated  (types  1-t  and  2-t) 
use. 

Plate  of  typa  1  (Fig.  l)  constitutes  sheet  with  thickness  of  1  nm  with  ribs 
welded  to  it  from  bent  box-like  profiles  of  rectangular  outline,  which  approximates 
plate  to  the  most  profitable  -  symmetrical  -  sectioar.. 

Experiment  of  TsNIISK  for  testing  of  aluminum  plates  of  analogous  construc¬ 
tion  showed  that  longitudinal  ribs  will  work  together  only  in  the  presence  between 
them  of  appropriate  transverse  elements,  distributing  load  between  ribs  more 
evenly  on  plate,  in  view  of  low  rigidity  of  plate  in  transverse  direction. 

Therefore,  on  bottem  of  plates  there  are  provided  angular  stiffeners. 


Fig.  1*  Cold  i^te:  a)  top  view;  b)  bottom 
view 

KEY:  (a)  Plan;  (b)  Section;  (e)  Aseembly. 


Plate  of  type  1-t  (Fig.  2)  differs  from  preceding  only  by  presence  of  heater 
in  the  fora  of  layer  of  sdneralized  mats  with  thickness  of  50  nn  of  glued  sheet 
of  asbestos  material  with  tniekness  of  6  an,  fastened  to  plate  from  below  with  the 
help  of  self-cutting  screws. 

Plate  of  type  2  differs  from  plate  of  type  1  by  the  fact  that  sheet  it  is 
corrugated.  Corrugations  are  closed,  which  simplifies  face  framing  of  plate  and 
also  ciuates  best  conditions  for  drainage  of  water. 

There  are  only  two  longitudinal  ribs.  In  other  respects  structure  of  plate 
of  type  2  is  analogous  to  structure  of  plate  of  type  1. 

Plate  of  type  2-t  (Fig.  3)  differs  from  plate  of  type  2  by  presence  of  heater. 
Construction  and  fastening  of  heater  are  executed  Just  as  in  plate  of  type  1-t. 


Fig.  3.  Heated  roof  plate  (structvire  and  diagram  of  stacking). 

KEY:  U)  Plan  of  plate;  (b)  Bottan  view  (thermal  insulation  is  not  shown); 
(c)  Mineralised  mats  60  mm,  Asbestos-cement  sheets  U  ran;  (d)  Resistance 
welding;  (e)  Linkage  of  plates;  (f)  In  longitudinal  direction;  (g)  Upper 
flange  of  girder;  (h)  Smeared  with  bit\uaen»  2  layers;  (i)  Linkage  of  plates 
in  transverse  direction;  (j)  Upper  flange  of  metal  girder;  (k)  Mineralised 
mats,  5  60;  (1)  Asbestos-cement  sheets,  6  =  6*  (m)  Slots. 


3,  Preparation  of  Experlcental  Plates 

In  view  of  novelty  of  construction  it  was  resolved  to  prepare  several 
experimental  plates  for  carrying  out  of  their  testing  and  determination  of 
technological  effectiveness  of  their  manufacturu. 

In  accordance  with  material  available  in  laboratory  there  was  developed 
experimental  cold  plate  with  length  of  5  a,  analogous  to  plate  T-1.  Plate  was 
prepared  at  Sokolvskiy  factory  of  metal  construction. 


For  assembling  and  welding  of  plate  there  was  specially  prepared  a  steel 


Jig,  a  level  platfora  of  girdere  and  a  number  of  racks  fastened  by  cleats  to 
lug3  on  platfom,  clamping  to  It  the  assembled  plate  with  ribs  and  fixing  their 
correct  mutual  positicxi. 

On  Jig  a  plate  was  laid  with  sheet  dcwnwards  and  ribs  upward.  For  topping 
of  heat  on  Jig  under  the  plate  there  was  laid  an  aluminum  sheet  with  thickness 
of  10  mm. 

In  process  of  manufacture  of  plates  there  were  introduced  certain  correctives. 

In  connection  with  the  fact  that  the  factory  does  not  have  at  present  a 
machine  for  resistance  welding,  it  was  necessary  to  uat  manual  argon  arc  welding 
with  intennlttent  seams. 

According  to  plan,  bent  profiles  (longitudinal  ribs)  were  welded  to  sheet  by 
points  with  diameter  of  5  mm  every  15 

Actually  the  factory  executed  welding  idth  intermittent  seams  having  length 
of  i3'25  mm  with  spacing  to  00-90  n& 

Welding  was  done  with  tungsten  electrodes  with  diameter  of  2  wm.  Filler 
was  grade  AK. 

Current  density  was  60-75  a.  Voltage,  %  v. 

Cutting  of  alumlnxim  sheets  was  produced  on  guillotiiM. 

Bending  of  sheets  was  pr educed  on  edge-bending  machine. 

Since  length  of  bent  elements  constituted  5  m,  which  exceeded  length  of 
working  part  of  machine,  bending  of  them  was  executed  in  two  oasses. 

Replacement  of  spot  welding  by  hand  electric  arc  necessitated  reccmputatlon 
of  plate,  modifi cation  of  bent  profiles,  and  also  change  of  their  height. 

For  convenience  of  welding  with  intermittent  seams  fewer  ribs  had  to  be  used, 
which  in  turn  necessitated  thickening  of  upper  sheet  of  plate. 

During  welding,  plate  was  insxifficiently  tightly  clamped  in  Jig,  as  a  result 
of  which  there  were  obtained  significant  thermal  dcforjaati<xia  of  plates,  which 
we  later  managed  to  pertially  remove. 


In  plAces  of  Joining  of  groovos  to  piat«  welds  penetreted  poorly;  initial 
form  of  bent  profiles  should  have  been  kept,  and  modified  according  to  requirement 
of  factory. 

During  test  it  was  found  that  in  respect  to  strength  plates  sustained  si/^Tiifi- 
cantly  larger  load  than  in  respect  to  defonaations. 

Thicknrsj  of  sherta  waa  1-1.*)  mm,  too  thin  for  welding  with  intermittent 
se.iria,  inasmuch  as  bunta  .  ccurea  in  sej^rate  places,  and  surface  of  sheet  after 
wel.linr.  boc:ur4r  strongly  hilly. 

Distance  between  seams  of  dO-90  nn  evidently  was  an  essential  cause  of 
premature  destruction  of  plates. 

In  general,  such  structures  must  be  welded  only  by  resistance  point  or  seam 
welding,  since  this  fora  of  welding  is  more  oroductive  and  gives  best  quality. 

4.  Tbchnico^coocsdc  Indices 

For  appraisal  of  merits  and  deficiencies  of  the  structure  we  shall  cenpare 
technico-econoBiic  indices  of  four  tynes  of  heated  coverings  (see  table): 

1)  covering  fx^3ei  alxanlnum  plates  of  type  1-t; 

2)  covering  from  aluninum  plates  of  type  2-t; 

3)  covering  from  ribbed  plates,  KAP-16,  fren  cellular  concrete,  developed 

by  Giprotia  [State  Institute  for  Standard  and  Experimental  Design  and  Planning  and 
Technical  Research]; 

4)  covering  from  plates,  KFKN-5,  frem  porcus-clay-filled-concrete,  also 
developed  by  Giprotis. 

Frcm  table  of  conparison  of  technico-econaaic  Indices  for  la  of  covering 
there  can  be  made  following  conclusions: 

Whereas^  considered  four  types  of  covering  have  almost  identical  ^oad-bearing 
ability,  they  sharply  differ  in  weight:  Mights  of  coverings  with  alvoainw  plates 
censtitute  32  axvd  25  kg/e^;  coverings  with  plates  KFDi  and  KAP— 215  and  225  kgV. 


Plates  of  type  1-t  and  type  2-t  are  completed  sections  of  covering.  Plates 
KPKN  and  KAP  are  only  elements  of  covering,  on  which  it  is  still  necessary  to 
lay  Ruberoid  sheet  on  bitiadnous  mastic,  lAich  considerably  complicates  production 
of  works  and  is  not  possible  in  any  weather. 

During  determination  of  tentative  coat,  there  was  used  method  of  calculation 
of  cost  of  construction  at  the  design  stage  developed  by  NIIZS,  [Scientific 
Research  Institute  of  (Z?)  C<wistiaiction],  NIIZhB,  [Scientific  Research  Institute 
of  Concrete  and  Reinforced  Concrete],  Glavstroyproektom  [Central  Administration 
of  Designing  Organizations  of  State  Coomittee  on  Stmictural  Hatters],  and 
Giprotis. 

Coet  was  determined  for  I-beaa. 

Comparison  of  teehnico-econcmic  indices  for  1  of  covering. 

In  view  of  absence  of  official  norms  on  alimdntai  building  structures,  for 
determination  of  coat  of  processing  of  them  we  took  cost  of  sheet  steel  of 
structures  after  subtracting  cost  of  material  and  multiplied  by  coefficient  k  ^ 
1.88.  This  sum  was  added  to  cost  of  alusvinum  sheets. 

Coefficient 

XiB  +  C 
'  Valun-  / 

where  A  -  1.2  >-  coefficient  for  coet  of  assembling  of  heat  insulation; 

B  »  0.7  -  coefficient  for  coet  of  processing  of  steel  constructions,  not 

depending  on  their  wei^t  (welding,  layout,  drilling  of  holes,  etc. 

C  s  0.3  -  coefficient  for  cost  of  processing  steel  structures,  depending 
on  their  weight  (edging,  transport,  etc); 

1  -  weight  of  alusinuB; 

^  steel  ”  '^ight  of  Steel . 

.jut'Sti  t  ut  inr  these  tu-ics ,  we  cbtain  k  -  l.r8. 

ii<aste  of  matexiale  wae  taken  accor^iing  to  "Tas^xurary  Specificatione"  State 
CcxBdttee  on  Structural  Matters. 


Comparison  ci'  Tochnico-Kconomic  Irvliros  Tor  1  m^^  of  Coverinf^ 


Hpsignation  of  iruUcps 

Unit  of 

4 

lypes  1 

of  coverings 

measurement 

1-t 

2-t 

Kf'KN-5 

KaP-16 

load  on  covering: 

calculated 

kg/ra^ 

r/‘j 

iVO 

r/<v 

395 

useful 

kg/m-^ 

uo 

i40 

155 

170 

Weight ; 

covering  wit.h  heater  and 

25 

215 

225 

Ruberold  sheet  of 

plate 

kg/m^ 

32 

25 

195 

('cst: 

as  of  J9hJ 

rubles 

]6 

10.4 

10.3 

V.'l 

of  manufacture 

rubles 

13.5 

5.1 

5. 

Expenditures  on  Labor: 

on  manufacutre 

man-hours 

1.2 

1.8 

1.8 

on  building  site 

man-hours 

l.L 

2.2 

1.6 

Expenditure  of  materials: 

5.73 

aluminum  alloys 

kg 

9.85 

— 

— 

mineralized  mats 

m3 

0.08 

0.06 

i 

asbestos-cement  sheets 

m2 

1 

1 

— 

steel 

kg 

— 

3.8 

6 

cement 

— — 

— 

59 

58 

foamy  cement 

- 

0.117 

0.157 

Notes:  1.  Information  on  coverings  from  plates  KPKN-5  KAP~l6  are 
taken  frcan  data  given  in  Joint  work  of  Giprotis  and  TsNIISK  (series  7-87). 

2.  Overhead  expenses  and  planning  accumulatiOTis  for  const niction  were 
calculated  with  coefficient  of  1.196  (average  for  RSFSR). 

Labor  expenditures  on  stacking  of  heater  were  determined  fran  F-NiR  [Unit 

Norms  and  Prices]. 


5.  General  Conclusions 

Heated  plate  of  type  1-t  is  more  expensive  than  other  considered  structures; 
cost  of  plate  of  type  2-t  already  at  current  price  on  aluminum  is  comnensurable 
with  them. 

Application  of  light  plates  from  aluminum  alloys  ensures  lightening  and, 
consequently,  reduction  of  costs  of  remaining  load-bearing  structures,  which 
also  should  be  taken  into  account  during  selection  of  type  of  coverings. 

Advantage  of  aliiminum  plates  still  further  be  increased,  if  we  consider 


that  Ruberoid  sheets  require  constant  refiair  and  f)erlodlc  alteration,  while 
corrosion  of  aluminum  under  the  Riven  conditions  will  be  practically  absent. 

Plate  of  type  ij-t,  as  comparol  to  plate  of  type  ]-t,  is  siRnificantly  less  metal¬ 
and  labor-consuminR. 

Tt  is  necessary  to  prepare  this  plate  for  carrying,  out  of  tests  its  Joa-J- 
bearinp  ability  and  deformability,  for  determination  of  its  thermotechnical 
properties,  and  fire-resistance,  and,  at  last,  for  determination  of  technolop^ 
of  manufacture. 

Taking  results  of  Investigations  into  account,  it  will  be  j-^ssible  to  adjust 
given  design  resolution  and  to  develop  plate  for  different  snow  loads. 


Di':jIONING  AND  MANUFACTUHK  OF  ’UILDING  .STRUCTURES  AND 
ARTICLES  FROM  ALUMINUM  ALLU  S 

V.  N.  Spriov,  Engineer 

A  number  of  engineers  since  195V  ^ave  stxidied  the  questions  of  Jcsigninr 
and  manufacture  of  aluminum  structures  and  articles  for  construction.  Works  are 
conductea  basically  in  field  of  en^lofVng  structures  (wall  panels,  roofs,  winaows, 
chained  glass  panels).  Whole  corap  ax  of  works,  starting  with  designing  and  ending 
with  manufacture  and  finishing  of  test  samples,  is  being  conducted  in  close 
contact  with  technologists. 


Fig.  1.  Part  of  experimental  building. 
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structures  and  article  from  aiumlnum  alloys  develoje^J  by  ua  in  thia  f-ericxi 


have  been  applie^l  in  a  number  of  dweilinp,  public,  and  industrial  buiidirir^  f<art 
from  which  has  been  in  use  since  195)H,  In  iVtXJ  on  territory  of  one  of  Moscow 
factories  there  was  built,  an  experimental  building'  (Kip,  1),  where  alumirium  was 
very  widely  used  both  in  ericlosinp.  structures  and  also  in  finiahinp  of  intenoi  . 

This  article  is  l('vot<^l  to  experience  of  desii'ninp  and  manufacture  ol  waiJ 
panels,  windows,  arvi  doors,  fartitions  and  stained  glass  panels,  roofs  and 
su3^^ension  ceilings. 


1.  Wall  Panels 

First  experiment  of  application  of  aluminum  in  wall  pianels  was  c  cr,  it.  rue  tier, 
in  1958  of  an  industrial  building  with  area  of  6  X  12,  height  of  jO  m,  wd.  ch 
heighter.sd  liberation  of  hest.  Reiecuion  of  usual  framework  brick  wall  ajdowM 
us  to  use  for  hanging  of  panels  a  frame  built  in  plant,  which  l<>werto«  severe,:  riirt 
the  weight  of  walls  and  sharply  reduced  building  time. 

Panel  consists  of  a  light  steel  frame  on  which  there  are  secured  cornp  atea 
aluminum  sheets  with  2-3  layers  of  bituminiied  building  paper  pressed  between 
them.  Fastening  of  snsathing  to  frame  was  done  with  oxidised  steel  woodscrews 
through  wooden  spacers.  Woodscrews  -’rre  supolied  witn  washers.  After  insto.i..aicc 
heaus  of  wooascrews  were  painted  with  aluminum  powder,  .’'int  of  panels,  both 
horiiontai  and  vertical,  were  rcsclved  by  simple  overlap  of  corrugated  sheets. 
Dimensions  of  oruinar^  panel  were  6  X  a  m,  weight  of  ;>.luainuB  about  iU  kiiogr  cr.s . 

assembly  of  panels  was  done  on  building  site  without  and  temriaies. 

Panels  were  assembled  upon  .'^adiress. 

Cerrugated  sheets  from  alloy  A.Mg-P  were  obtained  im  single  stand  bending 
mill  with  trans’-erse  forsaation  of  wave.  rhicKness  of  sheet  is  u.6  and  v.B  .-kt., 
length  in  wcrKing  direction  up  to  25^X5  bb,  width  is  not  limited  by  ct:»>diticr;3  cf 
rolling.  Heifl’.t  of  wave  19  length  75  sms. 


In  195fi-19^9  thf  :  e  wt*re  planned,  prepared,  and  appliwJ  all-alundnum  i^neia 
intended  for  public  bip  'dinf'u.  Panels  were  made  one  story  in  heip.ht  with  horizontal 
joint  at  level  oP  win'ow  sill  (for  convenience  of  assemhlinK  and  work  safety). 
I^vpical  dimensions  of  tw<j  —  b.i)  X  ifim,  and  y*.6  X  mmj  thickness  of  jjanel  (without 
ribs)  -  140  mm. 

Panel  (Pip.  O)  consists  of  two  shells,  between  which  there  is  pressff:! 
h’^at  insulation.  Internal  and  external  shell  are  almost  identical,  ana  each  of 
them  consists  of  bindin,,,  blind  parts  (under  and  over  window  inserts),  and  sashes. 


/.Jk.'/r 


Fig,  2.  Wall  panel. 
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i»tructurea  arvl  articlft  from  aiuminuir.  alloys  develojjed  by  ua  in  this  peric/j 
have  been  appliwi  in  a  number  of  dwcilin^,  public,  .ind  industrial  buiiuiri/'S,  f^ar' 
from  which  has  horn  in  use  since  In  iy60  on  territory  of  one  of  Mor;cow 

factories  there  was  built,  an  experimental  building  (Fir,.  1)»  where  aluminum  was 
very  widely  used  b(ith  in  oncJc-sing  structures  and  also  in  finishing  cf  irterior. 

This  article  is  devotrxl  to  experience  of  desirninr  and  manufacture  ol  wail 
panels,  windows,  and  doors,  partitions  and  stained  glass  panels,  rcofa  and 
suspension  ceilings. 


1.  Wall  Panels 

First  experiment  of  application  of  aluminum  in  wall  panels  was  conslructior. 
in  1958  of  an  industrial  building  with  area  of  6  X  12,  height  of  30  m,  with 
heightened  liberation  of  heat.  Rejection  of  usual  framework  brick  wall  allowed 
us  to  use  for  hanging  of  panels  a  frame  built  in  plant,  which  lowered  several  tim 
the  weight  of  walls  and  sharply  reduced  building  time. 

Panel  consists  of  a  light  steel  frame  on  which  there  are  secured  corrugated 
aluminum  sheets  with  2-3  layers  of  bituminized  building  paper  pressed  between 
them.  Fastening  of  sheathing  to  frame  was  done  with  oxidized  steel  woodscrews 
through  wooden  spacers.  Woodscrews  were  supplied  with  washers.  After  installati 
heads  of  wocxlscrews  were  painted  with  aluminum  powder.  Joint  of  panels,  both 
horizontal  and  vertical,  were  resolved  by  simple  overlap  of  corrugated  sheets. 
Dimensions  of  ordinary  panel  were  6  X  4  m,  weight  of  aluminum  about  lOO  kilograms 
Assembly  of  panels  was  done  on  building  site  without  jigs  and  templates. 
Panels  were  asacmbled  upon  readiness. 

Corrugated  sheets  from  alloy  AMg-P  were  obtained  on  single  stand  bending 
mill  with  transverse  formation  of  wave.  Thickness  of  sheet  is  0.6  and  U.8  mm, 
length  in  working  direction  up  to  2500  mri,  width  is  not  limited  by  conditions  of 
rolling.  Height  of  wave  19  mm,  length  75  mm. 


In  195B-19i>9  thore  were  planned,  prepural,  and  applie<i  all-alumimun  r-inels 
intenvled  for  publir  bui  ldinp,a,  I’aneis  were  made  one  utory  in  heif>:ht  wiUi  horizontal 
.loint  at  level  of  window  aill  (for  convenience  of  ay3(*nibiin^  and  work  safety). 
Typical  dimensions  of  two  ~  ^  j!)  X  ^  mm,  and  4.6  X  iei  nun;  thickness  of  f^anel  (without 
ribs)  -  140  mm. 

Panel  (Kig.  consists  of  two  sheila,  between  which  there  is  presse'i 
heat  insulation.  Internal  and  external  shell  are  almost  identical,  and  each  of 
them  consists  of  binding,  blind  parts  (under  and  over  wijidow  inserts),  and  sashes. 


Fig.  2.  Wall  panel. 


//J 


iahells  are  interconnected  by  steel  laths  fixed  on  screws.  With  sroall  section  of 
laths  compared  vdth  warmed  sheJl,  dan/»er  of  coolinf>:  of  the  latter  before  Joss  on 
it  of  condensate  was  practically  absent,  but  for  additional  decrease  of  total  heat 
loss,  steel  connecting  laths  were  installed  throu/»h  sfj&cers  of  several  layers  of 
f'er^funyn.  Frameworks  of  jianels  and  sashes  -  weldefJ,  blind  parts  of  panels  from 
Slumped  sheet  were  riveted  by  aluminum  rivets.  Hermetic  sealing  of  joints  of 
panels  was  done  with  sponge  rubber,  where  in  horizontal  joints  pressing  of  rubber 
occurred  under  weight  of  panels,  but  in  vertical  -  by  means  of  horizontal  shift 
during  assembling  and  Joining  of  neighboring  panels  of  aluminum  laths.  Joints  of 
panels  were  additionally  protected  by  special  pressed  profiled-latch,  fixed  with¬ 
out  screws  or  bolts.  Channels  formed  by  ribs  of  panels  and  latches  were  used 
for  installation  of  hidden  electric  wiring.  Latches  with  length  of  10  m  were 
placed  simultaneously  on  two  floors. 

All  profiles  both  of  bindings  of  panels  and  also  sashes  were  pressed  from 
alloy  AV-T  with  copper  content  of  not  more  than  O.UC.  Inasmuch  as  joining  of 
bifidings  and  sashes  was  produced  by  welding,  and  baths  anodizing  of  these 
elements  in  assembled  form  were  unavailable,  they  remained  without  additional 
protection  against  corrosit Only  latches  covering  joint  of  panels  were  anodized. 
Blind  part  of  panel  was  made  from  stamped  sheet  from  alloy  AMts-M,  Maximum 
dimensions  of  sheet  were  1650  X  2000  X  1,2  mm.  After  stamping,  conducted  on 
hydraulic  press  in  lead-zinc  die,  sheets  were  anodized.  Heating  was  produced 
by  Mipor,  placed  in  packs  of  polyamide  film.  Mipor  was  chosen  from  economic 
considerations,  in  spite  of  the  fact  that  this  caused  additional  technical 
difficulties  during  manufacture  of  panels  and  entailed  certain  loading  of  frame¬ 
works. 

For  packing  of  joints  of  panels  there  was  applied  porous  rubber  of  varied 
thickness,  and  in  windows,  f\u*thennore,  profiled  rubber  (see  description  of 
windowb);  all  steel  reinforcing  parts  weire  cadmium-plated  or  galvanized. 


KxpeiiXlitures  of  aUuninum  oti  fianela  by  eJemenls  are  jciiven  in  Table  1,  Total 
weight  of  panels  of  first  and  second  floors  resfiectiveJy,  were  300  and  3'jO  kg, 
i.e,,  about  30  kg/m*^. 

During  manufacture  of  eJements  of  panels  there  were  f<J;inned  two  technologica] 
lines: 

1)  manufacture  of  shells; 

j)  manufacture  of  sashes. 


Table  1,  Expenditure  of  Aluminum  on  Wall  Panels  in  kg 
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KEY:  (a)  Element;  (b)  Panel  of  first  floor;  (c)  Panel 
of  second  floor;  (d)  per  1  m2;  (e)  per  panel;  (f)  Bind¬ 
ings;  (g)  Stamp^  sheets;  (h)  Altogether;  (i)  Sashes; 

(j)  Hinges;  (k)  In  all. 

1.  Profiles  of  frameworks,  proceeding  into  workshop,  were  cut  on  band 
saw  eind  (in  separate  cases)  were  straightened.  Then  profiles  went  to  milling 
machines  for  milling  of  ends  (grooves  and  cuts),  where  framework  were  planned  in 
such  a  way  that  only  short  (less  than  2  m)  horizontal  elements  were  milled,  while 
long  vertical  (5.5  and  4.6  m)  went  to  assembly  iamediately  after  cutting. 

Assembly  of  frameworks  was  produced  by  welding  in  special  Jigs,  ensiiring 
accuracy  of  dimensions  and  preventing  deformation  after  welding.  Jigs  constituted 
of  frame  welded  from  steel  channels,  on  which  there  were  clamp-holders.  For 
convenience  of  welding  and  cleaning  of  seams  holders  were  somewhat  removed  from 


angles  of  frameworks.  Jigs  were  made  to  turn  about  longitudinal  axis,  so  that 
it  was  possible  to  put  all  soama  in  horizontal  or  slightly  slanted  position. 
Welding  was  done  manually  with  the  help  of  serial  apfjaratuses  for  argon  arc 
welding;  filler  -  AK  wire.  In  those  places  where  seams  could  hamper  further  work 


or  affect  appearance  they  were  cleaned. 

In  the  same  .Uf’3  was  made  installation  in  framework  of  stamped  sheets  of 
blind  parts  of  panels.  Jheets  were  fastened  by  aluminvun  rivets  through  sj^readers 
from  aluminum  strip.  Holes  were  drilletl  by  pneumatic  drills  in  packet,  rivets 
were  set  manually.  Finished  shells  went  to  assembly. 

2.  In  workshop  hollow  profiles  of  sash  were  straightened  manually  with  the 
help  the  simplest  devices  and  were  cut  on  disk  saw  fixed  at  an  angle  of  45"', 
which  excluded  additional  operation  for  cutting  of  ends.  Welding  was  done  in 
jigs  turning  around  longitudinal,  axis  (construction  of  them  was  analogous  to 
construction  of  jigs  for  welding  of  frameworks  of  panels).  Here,  welding  of 
sashes  was  conducted  just  as  for  frameworks.  Frameworks  were  welded  to  hinges 
in  the  same  jigs.  After  cleaning  of  8<sams,  sashes  were  mechanically  polished. 
Sashes  were  affixed  to  shells  with  glass  in  place  (method  of  fastenirig  glass  is 
considered  further  in  part  concerning  window  frames). 

Assembly  was  produced  in  two  stages: 


1)  hanging  on  shells  of  sashes; 


2)  joining  of  shells  to  panel  with  simultaneous  packing  of  heater  (Fig.  3). 
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Both  operations  were  produced  on  one 
bench  by  team  under  leadership  of  a 
fitter  of  6-7 th  class.  Sashes  were 
affixed  directly  to  frasieworks  of  panels, 
which  allowed  us  to  leave  out  boxes,  and 
they  were  fastened  with  bolts.  After 


hanging  of  sashes  one  shell  was  laid  on 


bench  face  deemward,  on  sheets  of  blind 


Fig.  3.  Section  of  assamoly 
of  wall  panels. 


parts  there  %rere  placed  packets  with  Mipor,  which  were  compressed  by  second  shell. 
It  is  necessary  to  note  that  application  of  Miix>r  required  in  view  of  its  hy^^ro- 
scopiicity,  special  protection  (packing  in  packet  of  polyamide  film).  Possibility 
of  its  shrinkage  in  process  of  exploitation  necessitated  structural  desifTi  in 
which  thickness  of  packet  was  increased  over  that  designed  by  2Cu.25/^>  so  as  to 
press  packet  to  design  thickness  uuring  assembly.  Pressing  prevented  danger  of 
shrinkage  find  improved  thermotechnical  qualities  of  insulation,  since  in  Mipor, 
which  was  applied  in  the  form  of  meal,  during  pressing  voids  were  closed.  Unfoirtu 
nately,  economic  conoiderations  do  not  allow  us  for  the  present  to  use  effective 
plate  heaters  of  type  PKhV-1  or  PKhV-2,  which  would  allow  us  lighten  and  simplify 
construction.  After  pressing  of  Mipor  with  the  help  of  clamps  to  aesign  thickness 
frameworks  were  connected  by  steel  laths  fixed,  as  was  said  earlier,  through 
spacer  of  several  layers  of  pcrgamyn.  Simultaneously,  there  were  installed  hooks 
for  hanging  of  panels.  Last  operation  was  gluing  of  rubber  for  packing  of  Joints, 
after  td.ich  panel  was  ready  for  assembling  (Figs.  4  and  5). 

Low  weight  of  panels  (not  more  than  330  kg)  allowed  us  to  make  assembly 
without  cranes,  with  the  help  of  block  fixed  on  i*oof  of  buildin-’’,  and  a  hand 
winch.  Time  of  assembling  of  panel,  including  laying  it  on  earth  before  lifting 
and  trussing,  12-15  minutes  (Fig.  6).  Installed  panels  wex^  interconnectea  by 
screws  (panels  Joined  in  height,  directly  through  frameworks,  panels  of  one 
row  -  through  aluminum  laths),  then  Joint  of  panels  on  two  floors  was  closed  by 
latch  (Fig.  7). 


Fig.  6.  Assembling  of  panel. 
Focperinent  showed  that  in  similar 


First  experiment  in  UoLiH  in  applica¬ 
tion  of  aluminum  panels  for  public  building 
uhowol  rationality  of  use  of  similar 
structures  in  our  climatic  conditions. 
Aluminum  panels  completely  eliminatefi  wet 
processes  of  stopping  of  joint,  calking, 
etc.  Panels  are  convenient  for  transpor¬ 
tation  and  assembling,  but  setting  their 
production  in  motion  will  bring  labor- 
consianingness  of  manufacture  to  minLmum. 
Panels  do  not  need  paint  and  have  very 
attractive  appearance, 
constructions  development  of  such  details 


as  joints  of  pemels,  elements  of  fastening  to  frame,  sashes,  etc.,  should  be 
vory  thoroiigh.  Special  attention  should  be  given  to  elimination  of  [cold  bridge] 


and  thickness  of  window  locks.  Work  absence  of  special  mastics  and  clastic 


linings  for  hermetic  sealing  of  joints  and  locking. 


Now  there  is  being  conducted  woric  on  improvement  of  construction  of  panels. 


2.  Windows  and  Door 

tlork  on  aluminum  windows  and  doors 
has  provided  for  creation  of  structures 
^r-th  for  public  and  for  habitable  build¬ 
ings.  Basic  problen  should  be  considered 
not  creation  of  some  one  type  of  window 
or  door,  but  output  of  series  of  profiles, 
allowing  us  during  use  of  units  developed 


for  given  seri'*”  a  certain  freedom  of  operation.  For  a  number  of  reasons  aluminum 


profiles  have  found  wide  use  in  windows  of  public  buildings  (see  Table  2).  Thus, 


series  of  profiles  for  public  buildings  of  1937  issue  was  applied  for  developinent 
of  a  number  of  types  of  trindows,  in  particular  by  Planning  Institute  (Promstal*- 
konstx*uktsiya)  (one  of  examples  of  use  of  them  >  window  in  new  building  of  Nil 
[Scientific  Research  Institute]  -  200);  series  of  profiles  of  1959  is  applied 
in  alxuninum  panels  of  experimental  building  and  with  insignificant  suppleoienta  > 
in  wlndcw  blocks  developed  by  Giprovuz  [State  All«4)nion  Institute  for  the  Planning 
of  Higher  Educational  Institutions  with  Scientific  Research  and  Investigation 
Depts.]  for  student  body  of  institute  named  after  Gubkin,  Mosproekt  [Office  of 
Designing  of  Civilian-Dwelling  and  Collunal  Construction  of  Mosgorispolkom] 
for  patent  library  building,  and  others. 

In  Fig.  8  there  are  3ho«m  typical  profiles  of  series  enumerated  in  Table  2. 
Characteristic  for  all  typos  of  %rindow3  (with  the  exception  of  sashes  of  industrial 
buildings)  is  application  of  hollow  profiles  of  different  outlines.  Basic  merits 
of  such  profiles,  as  compared  to  profiles  of  open  section,  are  the  following; 
smaller  expenditure  of  metal;  fastening  nodes  both  by  welding  and  by  inserts  with 
help  of  screws  and  rivets;  greater  architectural  expressiveness. 

Fastening  of  glass  is  varledj  in  windows  for  public  buildings  (1957  and 
1959/  there  were  applied  aluminum  latches  of  different  profiles  and  hermetic 
sealing  by  rubber,  in  windows  for  habitable  buildings  (1958  and  1959)  and  indus¬ 
trial  buildings  (1959)  -  steel  springs  and  mastic;  in  hinged  window  with 
double  glass  (I960)  the  double  glass  sheet  is  pressed  between  frames  of  sash, 
hermetic  sealing  is  with  mastic;  in  hinged  window  with  single  glass  (I960)  the 
glass  is  inserted  in  groove  of  profile  h,  hermetic  sealing  is  with  mastic 

and  rubber. 

Structure  of  windows  in  the  same  series  of  profiles  may  be  different,  for 
instance,  profiles  for  public  buildings  (1V59)  were  applied  in  panels  where 
sashes  were  affixed  directly  to  bracing  of  panels,  and  in  brick  walls  where  there 
were  inserted  window  blocks. 


r, 

. 


Table  J 


OharacLnristic  of  Windows  From  Aluminum  Alloys 


Note:  Wlrvlow:'  yincaS  in  tabln  «bo»e  lint  wnre  inetall-ti  ii  a  n<»ber  of  huillinfs;  thm 
l«r»l  in  se«rie»"  ccl(*n  ’qu»ntit>  of  i-rofllns'  ere  inelieiiki  hlnre  irofilnj. 
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•Only  weight  of  swahes  is  crnsileroi,  s'nee  wirUfW  <>1  this  type  are  inH**'  i'  aiuainu*  (•r.els  -i.t  J' 
not  have  frtMS.  In  case  of  laenufacture  of  Mocks  exjenaiture  of  alaaimw  will  hr  increased  roui^r.y  t( 
kr,  4W  quantity  of  profiles  -  H-q. 

••Joint  work  with  I'rovektstal  ' konst ruktsiya. 


Fig.  8.  Typical  profiles  of  triiidows  of  habitable 
and  public  b”'lding3,  fastirving  and  hermetic  sealing 
of  glass,  rubber  profiles,  packing  of  locking. 

1)  scries  of  profiles  of  public  buildings  (1957); 

2)  the  sane,  (1959);  3)  series  of  profiles  for  habi¬ 
table  buildings  (1958);  u)  series  of  profiles  for 
habitable  and  public  buildings  with  double  glass 
sheet  (196C);  5)  series  of  >-rofiles  for  habitable 
and  public  buildings  with  single  glass  (I960). 


Ali  jin  filpij  for  winilowM  wore  preasou  from  alloy  AV,  Jn  3ef>arate  cases, 
when  rrofi  I'M  were  connecteil  on  inserts,  they  were  anofiizeii.  Material  of  frame  - 
basically  wooo ,  Mlt.emi  t  nf  application  of  box  made  from  yorous-clay-fille'l  corci-etr 
(windows  for  liatiitaole  buildin/’s  IVSH,  V)  one  should  recognize  as  a  faiiur' 

for  a  number  of  causes:  Joininp.  in  one  article  of  details  with  sharply  dilfererl 
lechnolorj,  depreo  of  imluslrial  efficiency  and  accuracy  of  manufacture,  sipr.if:- 
cant  increase  of  weipht  and  impossibility  of  fittinp  <lurinp  hanpinp  &i  jashei. 

At  present  searcr.  lor  viesipn  of  box  is  pressinp  problem  facinp  aesipiT^r-  planri-'r 

To  date  our  industry'  caiJiot  offer 
sufficiently  strong,  low-beat-ccnductinp, 
and  cheap  material.  Attempt  to  use 
asbestos  cement  for  boxes  is  enticing. 

Work  in  this  di 'action  has  been  started. 

Technology  of  manufacture  of  sasnes 
naa  already  been  described  in  section 
"Wall  oanels."  To  this  one  should  acj 
only  that  during  manufacture  of  sashes  connected  on  inserts  all  inachining  of 
profiles  (cutting,  milling,  drilLLig  of  holes)  is  produced  beforehand,  then 
profiles  are  anodized,  and  only  after  that  is  assembly  carried  out. 

Anodizir4g  of  sashes  welded  by  argon  arc  welding  manuaily  is  ur.desirable,  sir.Cf- 
through  anaiizing  the  weVded  seam,  as  a  rale,  sharply  differs  in  color.  Applica¬ 
tion  of  rachires  for  butt  sear  welding  will  allow  us  to  produce  anodizing  of 
sasi  es  af*  er  as'^er.b'.y.  seam  is  then  seen  as  a  clear  line  with  wl.ith  near  1-1.  “>  rtt., 
which  ugcj  .'Kt  worsen  arpearance.  Appl_icata.on  of  such  aacnines  is  generally, 
desir'it^ip,  since  beuiies  acceleration  of  the  actual  welding,  they  strongly 
3i.T.rlify  c.e.-ning  of  seam. 

In  there  wer?  ucvelcpod  ar:d  in  i960  prerar*!  grazed  dvXJrs  from  aiurd:.u.r 


Fig.  9.  Window  for  hab¬ 
itable  buildings  (195{^).- 


ailo.vo  intendeii  for  public  bui  ulinr:*.  l>oorr>  of  awin^inp  tyfxi  con  bft  appiie'J 
both  inside  build in/’O  .irKl  also  as  entrances.  Framework  of  door  consists  of 
liv'l  low  pnifiles  on  inserts  .aid  screws.  In  lower  fjart  of  door  -  blind  insert 
from  .iluniinuin  stanlp•^^  sIkmM,  /'linxi  otj  filywoou,  in  upper  -  piass,  Fasteninp,  of 
t’Lass  -  on  aluminum  si.re.uiers  with  slecJ  sjirin/'s  or  screws.  t)penin/^  is  Irisme'i  by 
special  pressal  prof i  1  cd-.1ams.  Packing  of  seal  -  by  :ii  -  shaf)€yi  rubber.  Profiles 
I  rom  alloy  AV--T,  fasteninp  -  cadmium-plated  steel. 

I’rofiles  prc>ceevlinp  to  workshop-  after  straif'htening  on  stretching  n^Lachines 
were  cut  on  disk  saw,  and  in  sejvarate  cases  they  were  subjected  to  final  straighten- 
inc  manually.  Then  milling  was  done  of  grooves  and  selections,  and  holes  were 
1  rilled.  After  inspection  of  assembly  of  frameworks,  profiles  went  to  anoiizing. 
/uiodized  also  was  plate-handle  (alloy  AMg),  where  in  distinction  from  profiles 
it  was  subjected  to  preliminary  polishing, 

ripplication  different  alloys  and  methods  of  treatment  gave  noticeable 
effect,  since  profiles  from  el'  3y  AV-T  after  anodizing  took  on  dull  pearl-gray 
hue,  but  plate  from  alloy  ^Mg  was  a  brilliant  "metallic"  color  with  slightly 
yellowish  tint.  Stamped  sheet  of  blind  insert  anodized  a  biack  color.  After 
anodizing  there  was  produced  final  assembly  and  hanging  of  doors. 

Three-year  experience  of  work  on  windows  and  doors  showed  that  at  present 
basic  problem  is  absence  of  fully  acceptable  material  for  flames  and  also  of 
window  and  door  hardware  developed  in  reference  to  aluminum  profiles.  The  problem 
is  very  urgent  of  obtaining  of  long-lasting  packing  for  sealing, 

3.  Partitions  and  Stained  Glass  Panels 
For  partitions  and  stained  glass  panels  there  was  developed  general  series 
of  profiles  and  structural  assemblies.  Full  set  of  profiles,  including  doors 
which  are  installed  in  partitions,  contains  8  designations.  Basic  load-bearing 
profiles,  hollow  with  box-like  sections,  are  pressed  from  alloy  AV-T.  All  Joints 
of  load  bearing  profiles  among  themselves  are  carried  out  on  bushings.  Frame  is 


assembled  from  sejarali*  elements  on  site.  Panel  variation  was  rejected,  Sxnce 
it  possesses  following  deficiencies: 

l)  requirel  lar^:e  exf>enditure  of  metal; 

*.’)  evokes  necessity  of  camouflage  of  joints  between  fanels; 

3)  hampers  filling  to  structures  of  building; 

U)  requires  large  volume  of  design  works; 

s)  complicates  transportation,  e3f>ecially  over  distant  distances. 

deries  may  be  reenmnended  for  stained  glass  panels  anJ  partitions  with 
height  to  4.5  m.  Spacing  of  uprights  is  designated  depending  upon  loads. 

Kjcpenditure  of  aluminum  can  vary  within  rather  wide  limits  and  depends, 
mainly,  on  dimension  of  panels.  In  Table  3  there  are  given  data  on  three 
structures  actually  built. 


Table  3.  Characteristic  of  Stained  Glass  Panels  and 
Partitions  frem  Aluminum 


e 

0 

2 

structure 

Type  of  building  in 
which  structure  was 
used 

Expenditure 
of  alvuninum 
per  1  m2 
opening  in 
itg 

Height 
in  m 

Spacing  of 
uprights 
in  m 

1 

Stained  glass 

Cafe 

2.65 

3.25 

2 

2 

Partition 

i 

1 

Experimental  alumi¬ 
num  building* 

4.2  i 

1 

4.5 

1.2 

3 

Partition 

1 

Design  bureau 

2.93 

k 

2 

*See  Fig.  10. 

System  of  installation  of  filling  of  frame  was  wi.th  the  help  of  spreaders 
secured  on  steel  springs  or  on  screws  allows  us  to  use  materials  of  different 
thickness:  with  intermediate  horizontal  imposts,  to  18  ran;  wi.th  filling  to  '^ntire 
height  of  partition  to  U'-  mm. 

Model  design  for  partition  that  of  intermediate  impost  and  filling  of  frame 
in  lower  part  by  oraque  material  (wood-chip  plate,  plywood  with  micro-plywood 
pasted  on  both  sides,  or  stamped  alxuninum  sheet,  or  other  material),  and  in  upper  - 
glass  (Fig.  11). 


Machining  ■'efore  ancxiizinp  includes  following  operations:  straightening  and 
cutting  of  profiles,  miJilinf'  of  them  in  places  of  .joining  of  neighboring  elements, 
drilling  and  threading  of  holes  for  fastening  of  bushings  and  springs.  Then 
profiles  are  anodized,  obtaining  dull  pearl-gray  color,  on  them  there  are  installed 
bushings,  springs,  and,  at  last,  finished  elements  are  packed  for  transfiort. 
Assembling,  depending  ut<5n  treatment  of  ends  of  imposts,  is  conducted  accorli.ng 
to  one  of  two  variants. 

1,  In  case  where  imposts  have  cuts  on  ends  for  bushings,  a  sleeper  is  first 
laid  and  fastened  to  underlying  structure.  On  bushings  screwed  to  foundation 
beam  there  are  put  uprights,  upper  ends  of  which  are  fastened  to  crosspiece  or 
to  ceiling  with  the  aid  of  T-form  bushings,  not  preventL-g  vertical  shifts  of  ends 
of  uprights.  Such  construction  gives  us  possibility  of  compensation  of  inaccuracies 
in  rather  wide  limits.  After  alignment  and  final  fastening  of  uprights,  on  bushings 
fastened  to  stands  there  are  laid  horizontal  imposts.  There  are  fastened  elements 
of  comice  concealing  joints  of  uprights  to  ceiling.  Filler  panels  are  installed 
and  are  secured.  With  suspension  ceiling  uprights  pass  through  it,  and  need  for 
comice  is  eliminated. 
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Fig,  10.  Aluminum  partitions  and  suspension  ceiling 
of  experimental  building. 


2,  If  imposts  do  not  have  cuts,  there  changes  somewhat  order  of  install¬ 
ation  of  them  and  uprights.  After  installation  of  first  uprights,  imposts  on 
one  end  are  placed  on  bushings  and  by  one  or  the  other  method  arc  retained  in  this 
position  while  following  upright  is  positioned,  put  on  bushing  of  foundation  beam, 
where  bushings  of  upright  are  simultaneously  put  into  profile  of  impost.  After 
that  upright  is  aligned  and  secured,  and  operation  is  ref)eated  from  the  start. 


This  aeconJ  method,  very  i  neon  von  ilurin>»  huiidin*'  of  firojo’ctn  of  Jarj'*;  .'ii/o, 
with  small  dimensions  uf  aLrucLur*;  turns  out  to  ho  sirrifiior,  sinco  nocossi  ty  ol' 
very  ex-ict  cutting:  of  (;nSa  of  imiH)r.ta  is  eliminatf^J . 

And  in  any  case  assemhlin/'  is  simfde,  is  done  quit*;  rafiidly,  and  ailows  us 
ti>  comluct  fittin/r  of  elements  to  finishe«l  stnactures  (d'  hni  l-Jin/'  without  ariy 
difficulties. 


4.  ttoofs 

Our  experience  of  construction  in  this  field  is  limited  to  coiistruction  in 

of  roofs  on  one  industrial  and  two  habitable  buildin/»s.  For  roofs  there 
were  used  corrugated  sheets  from  alloy  AMg-P,  Wave  length  was  75  mm,  height  iV  irer., 
thickness  of  sheet,  0.8  mm.  Roof  of  industrial  building  -  panel  with  structure 
tinalogous  to  that  of  wall  panels  described  above.  Only  distinction  was  in  increase 
of  overlap  of  corrugated  sheets  and  strengthening  of  heat  insulation. 

Roofs  of  habitable  buildings  from  corrugated  sheets  with  dimension  of 
2.5  X  1.2  m  were  installed  on  wooden  lathing.  All  joints  were  made  by  simple 
overlap.  Fastening  to  lathing  was  done  on  steel  galvanized  wood  screws  with 
wat ners. 

Work  on  development  of  more  perfect  structures  of  roof  continues. 

5.  Suspended  Ceilings 

Decorative  suspension  ceilings,  developed  by  us  and  first  applied  in  an 
experimental  building,  consist  of  structural  lattice,  suspended  on  special  rods 
from  structures  of  building  and  filler.  Part  of  ceils  has  blind  filling  of 
corrugated  aluminum  sheet  with  thickness  of  0.5  nni,  and  part  is  used  for 
mounting  of  flourescent  lamps  located  above  level  of  ceiling  (Fig.  lO),  Use  of 
similar  ceilings  allows  us  to  conceal  all  plumbing  and  electrical  conmunications , 
gives  surface  of  ceiling  free  from  repairs,  allows  us  to  apply  lamps  hidden  behind 


ceiling  of  the  simpJejt,  design.  Not  in  lust  place  io  the  architectural  expressive¬ 
ness  of  structure. 

structural  lattice  is  made  from  profiles  of  tee  section  (alloy  AV-T),  able 
with  span  between  rods  of  s  m  to  sustain  assembly  loads  -  weight  of  worker  with 
tools.  With  such  location  of  rals  and  installation  of  current  flooring  use  is 
Ix)ssibJ ^  of  straight-through  suspension  ceiling,  dtructure  of  rods  gives  us 
possibility  to  regulate  height  of  suspension  of  frame  and  thereby  to  align 
horizontal  position  of  ceiling. 

Filling  from  aluminum  corrugated  sheets  was  laid  in  cells  of  ceiling  anc 
was  clamped  to  flanges  tees  by  wooden  cleats  and  steel  springs. 

All  visible  elements  of  ceiling:  tees  of  structural  grids,  corrugated  sheets 
of  filler  and  shading  of  lamps  (from  strips  of  alloy  AMg-P  with  thickness  of  ].  mm) 
were  anodized.  Design  of  ceiling  because  of  alternating  of  blind  cells  and 
lamps  of  various  orientation  with  respect  to  light  of  corrugated  sheets  and 
light  play  of  hues,  owing  to  anodizing  of  various  alloys,  is  very  effective 
and  at  the  same  time  clean  and  uncluttered. 

Several  remarks  about  corrosion.  According  to  visual  observations,  corrugated 
sheets  from  alloy  AMg-P  (facing  of  panels  of  industrial  building)  after  two  years 
of  exploitation  in  aggressive  industrial  atmosphere  are  in  good  state.  Sheets 
darkened  somewhat,  but  there  are  practically  no  noticeable  defects  (there  are 
separate  pits  with  diameter  of  1-1.5  nm). 

Profiles  from  alloy  AV-T  behaved  well  under  extrmnely  severe  conditions  of 
exploitation:  in  spit?  of  atmosphere  containing  vapor  of  nitric  and  hyurochloric 
acid,  alkali,  and  chlorine  of  high  concentration  with  heightened  humidity,  profiles 
of  frameworks  of  panels  and  sashes  not  having  anodized  covering,  had  only  surface 
damage  in  the  form  of  small  spots  with  diameter  up  to  1-1,5  **»• 


Comparatively  low  resistance  of  alloys  AMts  was  unexpected.  It  ie  recom¬ 
mended  by  all  native  and  foreign  30uix:es  as  the  most  corrosion  resistant.  Anooized 


sheets  from  alloy  AMts  have  damage  in  the  form  of  spots  with  diameter  up  to  2-3 
mm,  located  quite  thickly.  It  is  necessary,  however,  to  note  that  iron  content 
in  sheets  is  at  upper  limit. 

This  sf'eaks  for  necessity  of  more  thoroupli  investigation  of  stanaara  alloys 
and  development  of  new  corrosion  resistant  alloys. 

Using  exp)erience  accumulated  in  process  of  apjpiication  of  a  number  of 
aluminum  structures,  we  are  continuing  work  on  improvement  roofs,  wall  par. el:., 
stained  glass  panels,  windows,  doors,  piartitions,  and  suspension  ceilings,  .hasic 
rrobleirs  which  we  place  before  ourselves  during  development,  of  new  variants  of 
structures  are  such: 

1)  Wall  panels  -  simpilification  of  processing  and  lowering  of  exp'enuiture 
cf  aluminum.  Detecting  of  new  heat  insulation  materials  and  structures  allowing 
elimination  of  double  metallic  shell. 

2)  Roofs  -  development  cf  roof  panels  (cold  and  warm),  possibility  of 
realization  girderless  designs.  Determination  of  parameters  of  corrugated 
sheets  of  large  dimension. 

3)  btained  glass  panels,  windows,  doors  -  further  increase  of  reliability 
of  locking,  simplification  of  construction  for  the  purpose  of  giving  it  higher 
technological  effectiveness.  Development  of  technology  of  protective-decorative 
coverings  of  ready-made  elements. 

4)  Partitions  -  creation  of  systems  of  assembling  and  dissembling  partitions 
for  public  and  industrial  ouildirgs  in  panel,  loose,  and  intermediate  variants. 

5)  Suspension  ceilings  -  design  cf  straight-through  suspension  ceilings 
with  heightened  degree  of  hermetic  sealing  for  industrial  and  public  buildings, 
wuestions  of  application  cf  enlarge  elements. 

Since  for  a  number  cf  years  the  carrying  out  of  experimental  ard  research 
works  in  field  of  aluminum  structures  meets  with  significant  organizational 
difficulties,  we  consider  it  timely  to  pose  question  about  creation  cf  a  specialized 


experinental  cte8lgning~technological  bureau  for  designing,  manufacttire  and  tests 
of  building  structures  fron  aluminum  alloys.  Bureau  should  have  its  own  industrial- 
experimental  base  and  be  disposed  at  one  of  alusiinum-rolling  factories  which 
significantly  would  simplify  obtaining  of  semifinished  products  and  in  best  manner 
would  solve  questl(xi  of  utilization  of  waste. 

Simultweously  it  would  be  useful  to  organize  issue  of  a  series  ol  pamphlets 
in  which  native  and  foreign  experience  of  designing  and  manufacture  of  separate 
forms  of  aluminum  constructions  would  be  illuminated. 

The  need  has  definitely  arisen  for  organization  of  special  factories  (or 
workshops)  for  serial  output  of  alumlniim  structures.  At  present  building  structures 
from  aluminum  ar«  prepared  almost  exclusively  in  machine-building  factories  not 
suited  for  these  purposes  and  using  unique  equipment,  which  sharply  increases 
cost  of  structures. 
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KXPERIENCK  OF  DESIGNING  OF  STRUCTURPiS  FROM  ALUMIIylUM  ALLOYS 


G,  D,  Popov,  Engineer 

In  our  country  aluminum  alloys  have  started  gradually  to  find  application 
in  building  stmictiires.  Already  at  present  it  is  possible  to  name  a  number  of 
structures  where,  in  spite  of  high  cost,  application  of  light  alloys  turns  out 
to  be  economically  profitable,  even  in  comparison  of  building  cost  only,  not 
counting  convenience  of  subsequent  exploitation. 

In  I960  by  an  institute  of  Proekstal'konstruktsiya  [State  Planning  Institute 
for  the  Planning,  Research,  and  Testing  of  Steel  Structures  and  Bridges]  there 
was  carried  out  a  number  of  projects  in  which  there  were  applied  aliaminum  alloys, 
and  there  was  obtained  certain  experience,  a  brief  account  of  which  is  given  in 
this  article. 

As  a  .'Wterial,  light  alloys  have  their  peculiarities,  predetermining  the 
unique  forms  of  structures.  Low  elastic  modulus,  and,  consequently,  also  the 
worst  work  under  longitudinal  bend,  unavoidable  leads  to  applicaticvi  of  tuwre 
well -developed  sections  in  which  walls  turn  out  to  be  thinner  than  in  steel 
structures.  Such  decrease  of  thickness  of  elements  from  light  alloys  quite 
possibly  for  exploitational  reasons  is  a  significant  consequence  of  their  better 
corrosion  resistance  than  steel. 

Somowhat  poor  local  strength  of  light  alloys  with  thin-walled  profiles 


leads  to  necessity  of  application  of  special  forms  of  sect"*  on.  The  most  favorable 
quality  belongs  to  annular  section  in  which  local  strength  of  walls  is  ensured 
where  their  thickness  is  l/lOt)  -  1/140  of  diameter,  which  allows  us  to  have  good 
development  of  element  with  minimum  area  of  section. 

In  that  case  when  there  are  applied  sections  of  other  type,  local  strength 
may  be  ensured  either  by  bordering  with  oeads  or  by  means  of  corrugating  surface 
and  putting  diaphragms  in  elements. 

Of  alloys  available  at  present  *rtiich  can  be  applied  in  construction,  the 
most  acceptable  turns  out  to  be  alloy  AV-Tl. 

With  good  corrosional  resistance,  this  alloy  also  possesses  sufficiently 
high  mechanical  properties,  but  in  cost  it  is  one  of  the  cheap>est  alloys. 

Alloy  AMg6  (the  most  acceptable  of  magnesium  group  of  alloys)  is  approxi¬ 
mately  20^  more  costly  than  alloy  AV-Tl,  and  at  the  same  time  has  mechanical 
ch<  racteristics  23^  lower.  It  is  true  that  during  welding  alloy  AMg6  loses  in  all 
10-1 55S  of  its  strength,  while  loss  of  strength  of  alloy  AV-Tl  during  welding 
reaches  40?6,  but  owing  to  greater  relative  strength  of  alloy  AV-Tl,  final  strength 
of  both  alloys  after  welding  turns  out  to  be  quite  close,  with  smaller  value  for 
the  latter. 

Furthermore,  in  majority  of  structures  welding  evokes  only  local  weakening 
in  region  of  laying  of  seams,  which  lowers  strength  approximately  the  same  as 
weakerdng  by  rivet  holes.  In  this  case  it  turns  out  to  be  possible  to  use  almost 
completely  the  high  mechanical  properties  of  alloy  AV-Tl. 

Alloy  D16-T  has  very  high  strength,  but  it  is  absolutely  not  usefXil  for 
welding,  and  in  it  corrosion  develops  rather  quickly.  Therefore,  alloy  D16-T 
to  data  has  found  little  application  in  completed  projects. 

Light  alloys  can  be  very  profitably  used  in  roof  coverirjgs  in  exchange  for 
heavy  roof  from  reinforced  concrete  plates.  On  the  one  hand,  cost  of  heated  shields 
from  light  alloys  is  even  cheaper  than  cost  of  reinforced  concrete  platmi,  heater. 


protective  layer,  and  roof  sheet.  On  the  other  hand,  low  weight  of  roof  signifi¬ 
cantly  decreases  total  load  on  load-bearing  structures  and  allows  us  to  decrease 
expenditure  of  steel  in  the  latter. 

Application  of  light  roof  for  building  of  hangar  in  the  city  of  Alma  Ata 
allowed  us  to  lighten  load-bearing  stmictures  by  which  on  two  hangars 
constituted  saving  of  steel  of  AbO  tons. 

In  this  case  use  of  light  alloys  was  especially  efficient,  since  structure 
was  intended  for  region  with  eight-point  seismicity.  Therefore,  decrease  of 
weight  of  structure  here  in  significant  degree  was  reflected  not  only  in  rafter 
girders,  but  also  in  strength  of  columns  and  joints. 

IXiring  designing  of  roof  panels  there  were  considered  different  types,  in 
the  beginning  with  installation  of  wooden  lathing,  until  a  type  of  panel  was 
found  which  cotold  be  considered  first  rate  in  satisfying  both  .onditions  of 
factory  mantifacture  and  also  conditions  of  exploitation.  In  all  likelihooa,  this 
type  of  panel  can  subsequently  be  given  certain  changes,  but  at  present,  while 
theire  is  yet  no  sufficient  experience  in  designing  and  manufacture,  this  structure 
seems  the  most  successful  (Fig.  1), 

Roof  is  formed  of  separate  self-supporting  panels  with  dimension  of  1.5 
12  m.  Width  of  panels,  set  at  the  beginning  at  3  m,  has  been  reduced  to  1.5  m 
because  spot  welding  was  done  at  Chelyabinsk  factory  im.  Ordzhonikidze,  which 
does  not  have  cquipnent  with  large  clamping  device. 

Panel  consists  of  two  layers  cf  corrugated  aluminum  with  thickness  of  U.8  am. 
In  upper  sheet  waves  are  located  across  panel  (along  slope  of  roof),  and  in  lower  - 
with  panel.  Each  layer  is  joined  by  spot  welding  with  transverse  frame  and 
lathing  set  at  each  1  m  across  direction  of  waves.  For  ccnvenierce  of  welding 
all  elanents  of  frame  and  lathing  are  auuic  from  z-shaped  profile  with  height  of 
AU  cm. 

Two  halves  of  paJiel  are  connected  by  bolts  set  in  protrudir\g  flange  of  trans¬ 
verse  frames.  For  heat  insulation  cf  one  half  of  shieli  from  other,  between  them 


there  is  laid  a  solid  layer  of  perganyn,  while  under  heads  and  nuts  of  bolts  there 
are  placed  washers  fron  the  sane  material.  In  lower  half  of  panel  the  space 
between  corrugated  flooring  and  perganyn  ic  packed  with  slag  wool. 

With  b>aeter  span  panels  can  have  belcw  two  beans  of  box-like  section,  which 
together  with  lower  flooring  form  structure  of  sufficient  strength.  Corrugated 
flooring  can  work  freely  in  compressed  zone  of  structure,  since  local  strength 
of  wave  is  significantly  higher  than  strength  of  flat  sheet,  and  1  a  spacing  of 
crosL  pieces  ensures  total  strength  of  entire  wave. 


Fig.  1,  Roof  panel  with  strut. 

KET:  U/  Corrugated;  (b)  Slag  wool;  (c) 
FWrgaayn;  (d)  DetaU  A;  (e)  Packing  of 
perj^nyn,  (f)  Bolt. 


WiU  i2-m.ter  span  panels  art  strer^ened  bf  stiffeners  consisting  of  two  planes 
sot  at  an  angle,  so  that  in  croes  section  together  with  flaring  there  is  fom.J  a 
trihedral  struct  ore.  Such  font  was  selects!  because  f^Is  distributed  cn  roof 
can  occupr/  slanted  poeiticn,  and  in  thie  case  supporting  ginisr  must  possess 
appropriate  Lateral  strer^gth.  triangular  for*  of  sippo’-ting  structure  allwie  it 
to  accept  toreicn,  In  consequw^^ of  vr^ich  panels  can  ais  work  uadsr  asywetrical 

loading. 

Each  pLaos  of  giKier  is  fouMsd  trm  two  nang*  angles  joined  by  angular  lattice 


ffoot  w«ld*d  to  ucfmr  flAnges  of  two  slant«d  girders  are  connected  in 

angles  by  bolts  with  help  of  angle  clips,  forming  cannon  flange  of  cross  section. 
Upper  flanges  are  fastened  to  panel  also  with  help  of  angle  clips,  welded  to  lower 
corrugated  sheet. 

Ill  all  panel  is  made  of  201  kg  of  alloy  A7-T1,  which  constitutes  expenditure  of 
11.2  kg/m2.  Load  fron  panel  together  with  heater  is  about  17  kg/m^. 

With  spans  to  6  m  there  is  possible 
also  another  form  of  heated  panels,  %riilch 
may  be  applied  both  for  covering  of  roof 
and  also  for  wall  panels  (Fig.  2). 
Construction  of  such  panel,  developed  by 

Fig.  2,  Three-ply  roof 

panel.  an  institute  of  Proektstal'konstruktsiya 

KEY;  (a)  Wood-fiber  plate; 

(b)  Aluminum  sheet.  jointly  with  TsNIISK  [Central  Scientific 

Research  Institute  of  Structural  ftirtsj,  consists  of  thwe  layers.  External  and 
internal  surfaces  are  made  from  flat  sheets  of  aluminum  alloy  AMg6  of  1.5  nm 
thickness.  Inside  is  laid  a  layer  of  foam  plastic  FKhV-1. 

For  the  purpose  of  imparting  hi^  rigidity  to  panels  their  thickness  is  made 
equal  to  lA  csn.  For  decrease  of  expenditure  of  foam  plastic  filling  is  made 
from  three  layers.  Outer  layers  are  solid  with  thickness  of  3»5  cm,  and  inner  are 
bars  with  7  X  5  cm  section  layed  each  60  cm. 

Panels  are  bordered  by  frame  of  channel  section  ccmposed  of  two  angles  - 
20  X  20  X  2  mm  and  wood-fibrous  plate  5  *  4  mm  glued  on  the  outside  by  aluminum 
sheet  ’vith  thickness  of  0.5  mm.  Thus,  wood-fibrous  plate  is  pressed  between  angles 
and  aluminum  sheet  by  which  break  of  seal  is  created. 

Angles  are  riveted  to  sheets  of  panel  and  to  vertical  walls  by  rivets  having 
d  =*  3  mm  with  spacing  of  150  mm. 

Aluminum  sheets  are  glued  to  foam  plastic  heater  or  to  wood-fibrous  plates 
by  cold-hardening  glue  consisting  of  epoxy  rwsin  ED— 6  with  addition  of  polyester 
resin  MGF-9,  still  residue,  and  cement  of  brand  M400. 


Foaa-pLasstic  layers  are  glued  together  phenol-formaldehyde  resin  B  with  contact 
Petrova  and  wood  meal. 

Joining  of  panels  with  each  other  in  direction  acr^BS  drain  is  done  in  "lap 
fashions"  and  with  drain  -  by  standing  groove. 

Space  between  shields  is  zapolnyaetsya  elastic  plasticm  (foamed  break). 


Fig.  3.  Roof  panel  with  preliminary  stress, 

KEY;  (a)  Bent  after  installation;  (b)  Buckle. 

Expenditure  of  alvonir.um  alloy  in  panels  of  this  construction  constitutes  near 
10.5  kg/m^,  and  expenditure  of  foam  plastic  -  near  6,5  kg/m^. 

Analogous  structures  are  planned  also  for  wall  panels,  but  for  them  thickness 
of  aluminum  sheets  is  taken  equal  to  1  mm.  In  these  panels  expenditure  of  aluminum 
constitutes  7.2  kg/m^. 

In  case  of  application  of  panels  in  remote  area,  where  all  materials  must  be 
transported,  light  weight  of  three-ply  panels  creates  significant  advantages. 

Thus,  for  instance,  in  conditions  of  construction  for  Mimyy  settlement  in  Yakutiya 
cost  of  three-ply  panels  with  delivery  to  site  is  considerably  cheaper  than  cost 
of  pcrous-clay-filled  concrete  panels , 

Roof  panel  of  three-ply  construction,  prepared  in  plastics  laboratory  of 
TsNIISK,  was  test  under  load  of  200  kg/m^,  exceeding  that  calculated  (with  coefficient 
of  overload)  by  50^.  No  signs  of  damage  of  panel  were  noted.  Sag  in  the  middle 
of  span  under  testii.g  load  was  foind  equal  to  22  nm,  which  constitutes  1/270  of 


span. 


Mi’irunum  .ix^oyr,  c.in  .ii;>c)  t  <•  <1^1;,  ■  »>  f  f  cc  t. : I  y  .1;  [  ii<'i  in  coUl  rod’s  wh'ir^ 

I'wuic  l('  inuuoLriai  roni  i  t.ions  i.tnT<;  cannot  be  rrunJe  re  i  n  forcfxj  concrete  roof,  for 
1  list.it'ce  in  hot  wc^r^^ r.hoprj.  The  roof  m,-iae  usualJy  ajpljfi  in  such  conditions  from 

V 

Steel  sh(’etu  should  have  thickness  ol'  not  less  Liian  d  mni,  but  aJso  wi  thi  tiiis  tnick- 
ness  !•  rom  aluminum  alloy,  owinr  to  il.s  si/'nificantiy  hi/'her  corrosion 

resistance,  roof  may  be  muile  considerably  thinner,  so  tiiat  expenditure  of  alloys 

t 

per  1  uanel  will  constitute  near  H.5  ki  lorr-'un.  I-’anels  of  such  construction  were 
Pievelote^l  by  an  institute  of  f’royekstal 'konstruxtsiya  I'or  coveririf'  above  hot 
Wv'rksi'.orr.  (dee  Fif:.  3)* 

‘’anels  having  12  X  3  m  dimension  were  designed  to  be  sel  f-suT'portinr.  'ayer 
of  ranels  is  formed  from  two  sheets  of  alloy  aV-Tl.  Upper  sheet  of  thickness  of 
cdb  mm  is  flat,  and  lower,  having  thickness  of  0.8  mm,  is  bent  with  folds  of  trar^e- 
^oidal  outline.  Upper  layer  is  put  on  ridges  of  lower  and  is  connected  with  them 
ry  spot  welding.  To  lower  ridges  of  upper  layer,  also  by  spot  welding  and  before 
welding  to  it  of  upper  layer,  there  are  welded  two  ribs  of  tee  profile,  to  which  on 
ends  there  are  welded  support  struts.  For  best  transmission  of  trans'-’erse  forces 
and  imparting  of  strength,  to  walls  of  first  folds  between  flange  of  tee  ribs  ana 
walls  of  folds  there  are  welded  two  diaphragms  on  each  end  of  rib.  To  support 
struts  there  are  fastened  tie-rods  from  round  steel,  supplied  with  nuts  on  ends. 

'.Vith  help  of  these  nuts  to  ties  there  is  given  prel.iminary  tension  of  3  tons  on  each 
tie.  Since  ties  are  fastened  on  supports  with  eccentricity  with  respect  to  panel, 
from  their  tension  par*sl  obtains  required  bend  upwards,  as  a  result  of  which  upper 
xa/er  obtains  preliminary  extension,  acting  along  panel.  This  effort  allows  flat 
sheet  to  work  as  strained  diaphragm  and  to  sustain  ber;d  frem  concentrated  forces 
well. 

Vlith  uniform  load  fianel  works  as  tied  arch.  At  the  same  time  upper,  nrestressed 


layer  together  with  tee  ribs  forms  rigid  structure  united  by  walls  of  folds  playing 
role  of  struts.  This  allows  panel  to  take  nonuniform  load  also.  Simultappously . 
rigidity  of  folds  ensures  reliable  work  of  panel  in  transverse  uirectiov,. 


Pianeis  are  connected  amon^?  themBolvea  acrotis  slope  in  "lap  fashion,"  for 
which  upper  sheets  protrude  beyond  the  limits  of  folds  by  30  tmn.  Along  slope 
between  faces  of  panels  there  are  established  trays  from  sheets  with  thickness  of 
2  Iran.  After  installation  of  panels  upper  sheets  of  Layer  are  bent  over  edges  of 
tray. 

On  one  panel  there  is  expended  306  kg  of  alloy  AV-Tl  .  100  kg  of  round  steel 

tt.  3,  or  on  1  area  of  panel  of  alloy  AV-Tl,  8.5  kg/m^  and  of  steel  -  3  kg/m^. 

If  we  conpare  this  expenditure  with  expenditure  of  steel  cn  steel  roof,  we  find, 
after  subtractin'^  expenditure  of  steel  in  aluminum  panels,  it  turns  out  to  be  in 
4  times  less,  i.e,,  application  here  of  light  alloys  turns  out  to  be  more  effective 
than  in  other  structures. 

Presence  of  lower  folded  sheet,  however,  requires  corresponding  expenditure 
of  light  alloys,  but,  besides  creaticn  of  necessary  rigidity  of  whole  structure, 
it  also  guards  upper  sheet  from  action  frcn  beneath  of  harmful  precipitation  and, 
therefore,  must  promote  more  prolonged  operatic^  of  structure. 

Under  existing  relationships  of  prices  of  steel  and  light  alloys,  application 
of  latter  in  load-bearing  structures  may  be  profitable  only  with  very  large  spans, 
where  decrease  of  weight  of  structures  can  give  us  considemble  reduction  of  calcu¬ 
lated  efforts,  and  consequently  also  lightening  of  structure. 

By  an  institute  of  Proyektstal'konstruktsiya  there  was  developed  a  design 
covering  with  span  of  90  m,  where  as  load-bearing  structures  there  are  used  joint¬ 
less  arches  (see  Fig.  4).  Application  of  join"- less  system  in 

this  case  ensues  from  special  properties 
of  light  alloys.  Decreased  elastic 

—  -  — - f 

modulus  requires  for  efficient  operation 

Fig.  4.  Diagram  of  large-span 

structure,  structure  all  possible  decrease  of 

flexibility.  In  Jointless  arches  free  length  in  plane  of  arch  is  30^  less  than  for 
two-joinl  In  steel  structures  application  of  jointless  arches  is  restrained  by 


danger  of  nonuniforo  settling  of  supports.  In  arches  frcm  light  alloys,  caring  to 
decrease  of  elastic  modulus  by  3  times,  nonunifonn  settling  of  identical  magnitude 
will  evoke  three  times  smaller  stresses,  which  is  significantly  less  dangerous. 
Influences  of  temperature  changes,  in  spite  of  twice  larger  coefficient  of  linear 
expansion  of  light  alloys,  as  compared  to  steel,  is  also  less  feared,  since  with 
three  times  lower  modulus  these  stresses,  as  a  result,  will  be  one  and  a  half  times 
less  than  in  analogous  steel  structures. 

If  one  were  to  consider  the  considerably  better  operation  of  jointless  arches 
under  nonunifonn  loading,  and  also  great  simplicity  of  manufacture  of  structure 
having  identical  section  through  entire  length  and  absence  of  support  parts,  one 
may  assume  that  in  this  case  application  of  light  alloys  would  allow  us  to  adopt 
significantly  more  efficient  form  of  structure. 

Section  of  arches  is  taken  as  soiid-walleJ  with  three  faces  (Fig,  5).  All 
faces  have  identical  width  of  1.8  m.  Height  of  arch  is  equal  to  1.56  m,  which 
constitutes  1/57  of  span,  with  rise  equal  to  1/9  1. 

Thickness  of  sheets  frcm  which  web  plates  of  arches  are  fomed  is  equal  to  2.5 
mm.  For  imparting  local  strength  to  web  plates  tc  sheets  there  is  attached  folded 
profile  with  width  of  side  of  fold  of  84  mm,  which  constitutes  35  thicknesses  of 
sheet  and  completely  ensures  local  strength  of  sheets. 

Strength  ol  entire  folded  surface  is  ensured  by  setting  of  diaphragms  inside 
arch  at  each  1.5  m.  These  diaphragms  are  made  from  sheets  with  thickness  of  2.5 
ram,  bent  in  the  form  z-shaped  profile,  and  spot  welded  to  ribs  of  folds  which  on 
internal  side  have  width  of  10  mm.  To  place  of  assembling  sheets  are  delivered 
in  disassembled  form,  and  there  from  them  there  is  made  a  hollow  trihedral  section. 
In  the  same  place  these  are  connected  Joints  of  diaphragms  at  angles  with  help 
of  comer  cover  plates,  to  which  web  plates  of  disphragams  are  attracted  by  bolts. 
Among  themselves  the  peuiels  are  also  connected  by  bolts. 


Aasembly  Jointo  of  arches  are  made 
*rith  bolts.  Owinp;  to  small  thickriess  of 
shsets,  web  plates  are  overlapped,  for 
which  bolts  connecting  panels  of  section 
of  arch  are  loosened  on  one  end  so  that 
inside  this  section  there  may  be  fed 
end  of  other  element,  after  which  connect 
ing  bolts  are  again  ti^tened. 

Joint  bolts  are  made  from  heat  treat 
ed  steel  St.  5  and  work  on  friction 


developed  between  tightened  surfaces. 

Bolts  and  washer  under  them,  for  elimination  of  electrolytic  interaction  of 
steel  with  aluminum,  are  covered  by  layer  of  cadmium. 

Assembling  of  arches  is  to  be  executed  as  a  unit,  lifting  each  arch  with  two 
cranes  having  load  capacity  of  t  each,  which  with  weight  of  arch  of  7.1  t  and  its 
rigid  profile  can  easily  be  carried  out. 

Roof  panel  consists  of  heated  sheets  of  structure  analogous  to  the  above-descri 
bed.  Since  triangular  form  of  section  of  arch  allows  it  to  work  well  under  torsion 
a  hinged-cantilever  scheme  of  panel  has  been  adopt/ ad.  On  each  of  the  upper  ribs 
of  arch  there  rest  sheets  of  panel  having  span  of  flight  1,U  m  and  two  cantilevers 
of  1.35  m  each.  On  ends  of  sheets  there  rest  sheet  inserts  with  span  of  k  m. 

Owing  to  reduction  of  spans  of  sheets,  ueams  of  each  sheet  are  made  in  box-like 
proiilo  with  overall  height  of  150  zan.  On  center  part  of  covering  inserts  are 
made  in  the  fora  of  sheets  with  lathing  fr-^  aluminum  tee  profiles  and  with  filling 
of  glass  blocks  for  illumination  of  bxiiidlng. 

Expenditure  of  light  alloys  in  arches  constitutes  9.7  kg/ta^t  heated  panels 
of  covering  1^.5  kg/m^,  and  in  framework  of  glass  blocks  6  kg/m^. 

Or.  the  average,  cn  the  entire  covering  the  expenditure  of  li^t  allcyt  consti¬ 
tutes  16  kg/^2. 


In  cf^r«rin/rs  of  iarper  spans  application  of  light  alloys  givas  us  up  tc  ^>05f 
saving  even  without  considering  lightening  of  supporting  structures  (for  instance, 
foundations). 

Successful  results  are  obtained  from  application  of  light  alloys  in  bridge 
structures.  Especially  profitable  is  that  structure  in  which  an  orthotropic  plate 
is  used, 

Lcsrer  elastic  modulus  of  light  alloys  in  this  case  is  contributory  factor, 
since  flat  flooring  of  diaphgram  type  frcm  light  alloys  works  under  more  profit¬ 
able  conditions  than  steel. 

Actually,  frcn  identical  load  with  the  same  span  the  deflection  of  aluminum 
flooring  is  found  3  times  greater,  as  a  consequence  of  which  in  operation  of 
flooring  a  more  essential  role  is  played  by  share  of  thrust  part  of  work  of 
diaphragm.  Here  bending  stresses,  again  as  a  result  of  lower  elastic  modulus, 
are  found  less  than  in  steel  flooring. 

All  this  allows  us  to  have  flooring  with  thickness  of  /a-6  mm  (depending  upon 
span  i.e,,  approximately  twice  less  than  from  steel  sheets.  Small  thickness  of 
sheets  is  possible  owing  to  high  corrosion  resistance  of  alirndnum  alloy,  which 
also  allcsfs  us  to  lay  asphaltic  covering  directly  on  sheet  of  flooring. 

The  noted  peculiarities  of  light  alloys  are  used  during  designing  of  a  highway 
span  structure  where  1  =  42  m. 

Orthotropic  plate,  consisting  of  separate  sheets,  is  used  as  upper  chord  of 
trussed  girders, 

ftuiels  have  upper  sheet  with  thickness  of  6  mm,  resting  on  longitudinal  beams 
set  each  300  mm  (Fig.  6),  Girders  are  made  frcm  pressed  I-beam  profL"**  with  height 
of  250  mm  having  webs  of  different  area.  Sheets  have  length  of  7.1  m,  equal  to  two 
panels  of  truss.  In  the  middle  at  same  level  with  longitudinal  girders  there  is 
placed  transverse  girder.  On  edges  sheets  are  tsmiinated  by  channels  which,  being 
connected  with  the  same  channels  of  neighboring  sheets,  form  an  I-beam. 


.'■ection  uf  this  beam  also  inriudea  upper  sheet  of  flooruip;  and  joint  cover  plates 
connecting  above  and  below  the  two  neightcring  oheeta^  For  easing  the  work  of 
transverse  beam?  middle  of  them  is  supported  by  transverse  ties. 


(>n  axes  of  c-^in  trusses  I-beams  are  replaced  by  box-like  profile,  to  which  there 
are  fastened  gussets  of  vertical  trusses.  lower  chords  just  as  struts  and  uprights 
are  made  of  H-shaped  section  with  bulbous  bordering  of  edges  of  profile. 

For  decrease  of  expenditure  of  alloy  these  elements  together  with  gussets 
are  made  from  alloy  Dib-T,  since  they  are  connected  on  assembly  only  by  high- 
sbrength  bolts. 

Upper  sheets  are  designed  from  a.lloy  AV-Tl.  Factory  joints  in  them  are  welded, 
and  assembly  joints  -  on  high-strength  bolts. 

Weight  of  light  alloys  .in  span 
<  structure  constitutes  in  all  28 1,  or 

77.5  kg^^  for  bridge.  For  comparison 
it  is  possible  to  give  figures  of 
expenditvne  of  materials  in  model  highway 

Fig.  6.  Orthotropic  plate 

of  flooring  of  span  part  span  structure  of  the  same  span  and  for 

of  highway  bridge. 

tne  same  load  .'fl8.  Weight  of  steel, 

inclujing  fittings  of  plate,  in  it  constitutes  58.2  t,  and  volume  of  concrete  in 
plate  is  65  ra3. 

Owing  to  present  very  high  cost  of  aiuminum  alloys,  application  of  light  alloys 
for  spans  of  average  magnitude  is  found  ineffective.  However,  with  growth  of 
distance  of  span  tne  effectiveness  of  application  of  light  alloys  is  all  the  more 
increased,  and  one  laay  assume  that  with  spans  of  100-120  m  spar  structures  from 
light  alloys  will  have  identical  cost  with  those  of  steel  concrete. 

Analogotas  structure  is  planned  and  for  installation  of  lower  part  of  suspension 
bridge  across  the  Volga  at  Volgograd  with  center  span  of  nearly  900  a.  Here  use 
of  orthotropic  plate  was  found  especially  profitable  as  a  result  of  location  of 


rnuhAja  on  two  storias,  so  that  both  chords  ssssntiallj,  consist  of  plates  of 
span  part. 

In  given  structure  expenditxire  of  light  alloys  constitutes  only  about  40 

kgA»2, 

At  present  there  is  still  very  little  experience  in  manufacture  of  structures 
frcn  aluminuB  alloys. 

In  all  probability  in  factory  manufacture  of  most  expedience  will  be  application 
of  welding,  especially  point  welding. 

Asswnbly  Joints  are  most  conveniently  made  with  bolts,  since  with  sections 
of  closed  or  semi-enclosed  fora  it  is  the  most  acceptable  for  structures  from 
light  alloys.  Assembly  riveting  entails  great  difficulties. 

The  most  convenient  may  be  considered  Joining  with  high-strength  bolts,  working 
with  use  of  frictional  forces  developed  on  compressed  surfaces. 

Although  experiments  with  Joining  by  high-strength  bolts  on  aluminum  structures 
showed  the  worst  performance  of  bolts,  in  ccmparlson  with  their  perforaance  in 
steel  structures,  in  those  expexdments  there  was  cheeked  only  work  of  pure  friction. 
In  reality,  high-strength  bolts  after  certain  shift  still  have  great  reserve  before 
failure  of  Joint. 

Magnitude  of  shift  constitutes  1.5-7.  no  on  each  Joint.  If  for  steel  structures 
such  magnitude  can  be  of  essential  value  with  respect  to  elastic  deformations,  then 
in  aluminum  structures,  where  magnitude  of  elastic  deforaation  constitutes  2-2.5  nm 
for  each  meter  of  length  of  element,  complicance  in  Joints  will  have  relatively 
smaller  value. 

Thus,  only  in  sign-alternating  elements  must  there  be  ensured  work  of  high- 
strength  bolts  only  on  friction.  However,  even  in  this  ease  it  almost  always 
happens  that  force  of  one  sign  turns  out  to  be  significantly  larger  than  the  other. 

In  this  case  work  on  pure  friction  must  be  ensured  only  for  the  smaller  force. 

In  the  same  cases,  when  both  forces  are  found  to  be  close,  they,  as  a  rule,  have 


insignificant  magnitude,  and  h«r«  th«re  mity  b«  fUlljr  msured  reliable  work  cf 
Joint  cfi  friction  with  lowered  value  of  friction  coefficient  0.2-0.25. 

In  this  article  there  are  given  only  first  results  of  very  little  experience 
of  designing  of  structures  froc  light  allojrs.  Many  questions  had  to  be  solved  . 
for  the  first  time  and,  of  course,  it  is  impossible  to  consider  that  all  described 
structxires  have  been  designed  absolutely  correctly.  Very  much  should  be  obtained 
by  industrial  check. 

In  any  case,  along  with  introduction  into  practice  of  manufacture  and  construe 
tion  of  plarjied  structures  there  should  be  conducted  broad  and  systematic  work  on 
detection  of  optimum  methods  of  their  manufactxire  and  assembling.  Only  cemprehens- 

experience  will  allow  us  to  obtain  structures  from  light  alloys  which  are  ii.iiee; 
economical,  having  low  labor-requirements  of  manufacture  and  being  convenient  for 
assembling. 

The  broader  the  work  for  the  development  of  new  form  of  structures,  the  faste. 
they  will  occupy  their  proper  place  in  construction  ar.J  will  give  the  corresponding 


econcmic  effect. 


DESIGNING  OF  FIRST  HIGHWAY  ailDCS  IH  USSR  WITii  ALUMINUM  SPAN  STRUCTURE 

Yuo  S,  L'vov,  Ea?,gin«er 
i.  Introgucticn 

In  I960  in  State  Planning  Institute  of  Gippoavtotrans  there  was  ccB-.pleted  the 
designing  of  first  span  structure  in  the  Unices  of  penaanent  highway  bridge  from 
altiminxm  alloys  with  designed  span  of  32.4  a.*  Considered  al^sfiinum  span  stnicture 
will  be  installed  on  a  river  bridge. 

kt  present  at  the  crossing  there  is  a  wooden  beam  bridge,  instead  of  wJiich 
there  will  be  built  a  new  bridge  with  total  length  of  78.5  m.  Center  span  cf  new 
bridge  is  an  aluminxim  span  structure,  on  each  side  of  which  there  are  two  12-Hieter 
spans  each  covered  by  standard  prefib  reinforced  concrete  span  structures. 

New  bridge  la  designed  for  passage  of  automobile  load  N-13  and  caterpillar  NG^O. 
Width  of  span  part  of  bridg*  is  7  oj  widvh  of  sidewalks  0,75  m  each. 

Because  of  length  of  span  and  local  conditions  of  crossing  aluminum  span 
structure  is  planned  with  roadway  on  top.  Span  structure  is  to  be  riveted. 

During  designing,  it  was  taken  that  span  structure  should  satisfy  follcsdng 
main  requirements: 

l)  structure  should  have  lowest  weight  possible,  i.e.,  require  mininnan  expenditure 

<*^In  working  out  the  design  there  participated  engineers  G,  A,  V&sil’yev,  A,  Yu. 
Pvsznik,  and  I,  L.  Maricovich. 

*  *  \  » 
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of  alvmdjiiro  alloys; 

2)  it  should  be  easy  to  manufacture  and  ti'ansport; 

3)  volume  of  assembly  riveting  should  bt  as  low  as  possible, 

Desirb  to  obtain  structure  requiring  least  expenditures  of  material  assumes 
during  designing  of  aluminum  structures  especially  high  value  in  connection  with 
high  cost  of  alum.lnujD  alloys. 

Requirement  of  simplicity  of  structure  and  ccjivenience  in  manufact\ire  ensues 
frcr  novelty  of  structure,  specific  peculiarities  of  alisnin’an  as  a  building 
material,  and  absence  here  of  sufficient  experience  in  manufacture  of  eaigineering 
structures  frcm  aluminuK  ftlloya. 

Of  paramount  v  Tud  during  designing  and  building  of  aluminum  structures  is 
decrease  of  vclunve  of  assembly  riveting.  Rivets  in  alvKsinum  structures,  luilike 
those  'A'  stael  set,  as  a  rule,  in  cold  state.  Here  for  upsetting  of  shank 
of  rivet  arid  foimation  of  rivet  head  there  are  required  considerable  forsses. 

Under  factory  conditicars  in  the  presence  of  pceierful  riveting  presses  cold 
riveting  of  al^jarlnum  rivets  may  be  carried  out  without  special  difficulties. 

Under  field  conditicms,  when  riveting  is  done  by  pneusnatic  hammers,  manually,  setting 
of  rivets  of  large  diameters  is  considerably  couplicated. 

Descirlbed  span  structure  may  be  wholly  built  in  factory  and  delivered  to 
place  of  installation,  ready  for  use. 

Aluminum  span  structure  Is  designed  for  normal  exploitation  on  highway  with 
rather  intense  traffic. 

Together  with  this,  being  first  span  structure  fran  aluadnum  alloys,  it  is 
an  experimental  object,  which  givos  us  possibility  to  check  and  to  studv  number 
of  ruesticBis  pertaining  to  designing  and  building  of  aluminum  bridge  structures. 

Program  of  experimental  study  of  plann*^  span  structure  Incliides  observation 
and  investigation,  both  in  process  of  manufacture  of  structuie  and  also  during 


period  of  exploitation. 


2.  Selection  of  Grade  of  Alloy 

Selection  of  AII07  was  based  on  follcwlng  requi.reoumts  and  ccneiderations : 

1)  alloy  should  possess  high  strength; 

2}  it  should  be  easily  processed  and  quite  well  resist  corrosion  under  normal 
conditions  of  exploitation; 

3)  al^oy  Should  be  wall  stitdiad  and  checked  in  real  structures; 

4)  Manufacture  of  articles  froa  the  diosen  allqy  should  have  been  mastered 
by  industry. 

Above  set  requirements  are  best  satisfied  by  alloys  Dl-T  and  D16~T,  belonging 
to  duralumin  group. 

Proceeding  from  main  problem  on  hand  •>  to  obtain  structure  of  least  weight  > 
preference  given  to  the  stronger  alloy  D16-T, 

Railing  csn  aluminum  and  on  reinforced  concrete  s  an  structures  of  bridge  are 
designed  frcsu  weldable  alloy  AMg, 

Of  no  lese  important  value  than  selection  of  grade  of  alloy  for  riveted 
structure  is  question  of  selection  of  material  for  rivets. 

For  structures  designed  from  diUTalumin  the  most  expedient  is  application  of 
rivets  from  alloys  V65  or  PIS,  alsc  belonging  to  this  group  of  alloys.  Rivet 
alloy  V65  differs  by  higher  shear  resistance  and  somewhat  lower  ductility^  as 
coppared  to  alloy  D18.  In  magnitude  of  shear  z^sistance  alloy  V65  Is  preferable. 
The  experience  of  ccld  ri'’’etl’ig  ^f  aluaunuBi  rivets  ehews  that  rivet  with  diameter 
of  20-24  mm  from  alloy  D18  and  V65  can  be  successfully  set  by  both  clamp  and  pneuma 
tic  hammer,  however,  foming  of  rivet  head  is  more  su  cessfull  with  use  of  more 
ductile  alloy  1)18. 

When  working  with  alloy  V65,  quality  of  rivet  heads  is  Icwer. 

It  is  necessary  to  »iphasise  that  experiments  in  upeatting  of  headj  from  alloy 


V65  were  conducted  to  extraordinarily  limited  extent  with  use  of  rods,  ths  material 
of  wnich  did  not  satisfy  technical  requirements.  This  circumstance  shows  tliat 


sufficient  data  allcsiing  us  to  objectively  estimate  advantage  and  deficiencies  of 
considered  rivet  alloys  are  at  present  unavailable. 

Considering  scoewhat  higher  ductility  of  alloy  DIB  and  available  experience 
of  successful  manufacture  of  structure  with  rivets  from  this  alloy,  it  was  resolved 
to  settle  oTi  rivet  alloy  DIB. 

Before  manufacture  of  span  structure  we  planned  to  execute  preparatory  work  on 
riveting.  Purpose  of  this  work  is  devising  of  technology  of  cold  riveting  by 
clamp  and  pneumatic  hammers,  check  of  quality  of  prepared  tool  and  adopted  equip)- 
ment,  and  also  increase  of  skill  of  those  doing  the  riveting. 

Experimental  works  will  be  conducted  on  rivets  from  both  alloys  -  V65and 
DIB  with  diflsrent  forms  of  rivet  head. 

3.  General  Questions  of  Designing  of  Span  Structure 

For  the  adopted  span  of  32.4  Q  there  were  considered  variants  with  open  main 
trusses  and  with  piLate  girders,  variants  with  two,  three,  and  four  trusses  in 
cross  section  with  height  of  trusses  2,5;  3>  and  h  m,  which  constitutes  1/13; 
l/lO.B,  and  1/8.1  of  calculated  span. 

Roadway  part  of  bridge  was  ccxisidered  in  two  basic  variants;  in  the  form  of 
reinforced  concrete  plate,  placed  on  main  trusses,  and  in  the  form  of  purely 
aluminum  structure,  consisting  of  transverse  and  longitudinal  beams  and  sh^et 
flooring.  Reinforced  concrete  pilate  in  tirni  was  considered  in  two  variants: 
from  us\ial  "heavy"  reinforced  concrete  1=  2.5  t/m^,  and  frcoi  "light"  concrete 
y  =-  1.8  t/m^. 

Ccmparison  o^  data  obtained  in  examining  of  diverse  variants  leads  to  foUoidng 

conclusions. 

i)  Type  of  structure  of  min  trusses.  With  identical  reinforced  concrete 
plate  of  roadway  paj.-t  structure  with  solid  main  beams  requires  approximately 

more  metal  than  with  open  truseee.  With  aluminum  roadway  part  difference  in 


weight  is  scine>^at  less  (35^). 

Another  deficiency  of  structure  with  three  main  plate  beams  is  necessity  of 
riveting  in  assembling. 

For  spans  of  more  than  30  m  advantage  of  open  trusses  over  plate,  from  the 
point  of  view  of  economy  of  metal,  will  be  still  more  significant. 

Besides  considered  types,  serious  attention  should  be  given  span  structures 
designed  in  form  of  plate  thin-webbed  space  structures. 

b)  Number  of  trusses  in  cross  section  of  bridge.  Investigation  showed  that  for 
considered  span  of  32.4  m  and  width  of  roadway  of  7  m  least  weight  of  metal  is 
obtained  by  structure  with  three  main  trusses.  Practically  the  same  weight  is 
obtained  and  with  four  main  trusses  in  cross  section. 

Structure  with  two  main  trusses,  dejiending  upon  nature  of  support  of  plate  of 
span  part,  requires  18-27/S  more  metal.  Furthermore,  relization  of  structure  with 
two  main  trusses  inevitably  is  connected  with  assembly-riveting.  Therefore,  final 
selection  should  be  made  between  variants  with  three  and  four  main  trusses. 

Considering  that  structure  with  four  trusses  may  be  easily  carried  out  in  the 
form  of  tvo  units  on  each  two  trusses  and  that  transport  of  such  units,  thanks  to 
small  dimensions  of  them  in  cross  section,  can  cause  no  difficulties  one  should 
recognize  that  the  most  efficient  structure  is  that  with  four  main  trusses  in 
cross  section. 

c)  Efficient  h  "^ight  of  trusses.  Designing  shewed  that  height  of  main  trusses 
of  2,5  m  with  calculated  span  of  32.4  m  is  insufficient;  with  this  height  expendi¬ 
ture  of  metal  is  increased,  and  rigidity  decreases  as  compared  to  trusses  of  greater 
height. 

With  theoretical  height  of  trusses  of  4  m,  weight  of  metal  is  8,8^  less  than 
with  height  of  3  m,  and  rigidity  is  correspondingly  greater.  Thus,  of  the  three 
considered  heights  the  most  preferable  is  truss  with  height  of  4  m,  but  with  combined 
structure  necessazy  rigidity  of  span  structure  is  ensured  with  a  height  of  3  n* 


Imparting  to  main  trusses  with  roadway  on  top  of  excess  height  of  1  m,  brings 
with  it  an  essential  increase  of  height  of  embankment  and  its  appreciation.  During 
designing  of  combined  structure,  height  of  main  trusses  with  roadway  on  top  is 
expediently  Uken  equal  to  1:11-1:12  of  spar. 

d)  Deflections.  Question  of  magnitude  of  deflection  which  it  is  possible  to 
allow  during  designing  of  span  structure  fran  aluminum  alloys  has  extraordir.arily 
important  value. 

During  assignment  of  rigid  norms  of  deflection,  use  for  bridge  structures  of 
high-strength  aluminum  alloys  becomes  impractical,  since  dimensions  of  sections 
in  this  case  are  determined  not  from  condition  of  guarantee  of  strength,  but  from 
conditions  of  necessary  rigidity  of  structures.  By  our  norms  elastic  deflection 
of  open  metal  span  structure  ia  fixed  at  1/900  of  magnitude  of  span.  During 
designing  of  described  span  structure,  it  was  recognized  as  possible  to  take 
deflection  at  1/600  of  span.  In  those  structures  where  reinforced  concrete  plate 
is  combined  with  main  beams  relative  deflection  varies  from  1/560  to  1/776,  i.e., 
accepted  norm  of  deflection  is  completely  satisfied.  In  noncembined  structure 
the  achievement  of  deflection  of  1/600  is  possible  only  through  increase  of  sections, 
i.e,,  refusal  to  use  strength  of  taken  alloy. 

Investigation  shows  that  with  good  use  of  material  of  alloy  D16  in  combined 
structure  deflection  of  1/600  can  be  obtained  where  height  of  trusses  is  near  3  m. 

In  noncembined  structure  the  obtaining  of  such  deflection  is  impossible;  such 
structures  may  be  applied  only  with  increase  of  deflection  to  approximately  1/400. 

e)  Tr/’pe  of  roadway  part.  Roadway  part  of  bridge,  as  was  already  said,  is 
considered  in  two  variarrts:  in  the  form  of  reinforced  conci^te  plate  laid  on 
main  beams,  and  in  the  foim  of  alumintnn  structure  consisting  of  longitudinal  and 
transverse  beams  and  sheet  flooring.  Road  bed  in  both  cases  is  a  layer  of  asphalt 
concrete. 

Weight  of  roadway  part  in  first  case  constitutes  660  kg/c^,  and  in  second  - 
only  170  kg/m2. 


Accordingly,  calculated  load  from  gravity  changes  by  1  running  meter  of  main 
truss.  Eesential  change  of  forces  in  variant  with  aluminujr.  roadway  part  ie  attained, 
furthenLore,  thanks  to  releasing  upper  bocn  from  work  on  bend.  As  a  re'^ult  of 
Joint  actim  of  f»..ctor8,  weight  of  main  trusses  with  aluminum  roadway  part  is 
approximately  25^  less  than  with  reinforced  concrete  plate.  However,  thanks  to 
introduction  of  transverse  and  longitudinal  beams  and  especially  to  solid  sheet 
flooring,  total  expenditure  of  metal  significantly  increases.  Fran  the  point  of 
view  of  expenditure  of  metal  structure  with  reinforced  concrete  plate  of  roadway 
part  is  significantly  more  expedient.  Gross  weight  of  such  a  span  structure  differs 
little  from  steel-concrete,  since  difference  in  weight  is  realized  only  owing  to 
difference  in  weight  of  metal,  specific  cost  of  which  in  total  weight  of  structure 
is  insignificant.  With  installation  of  aluminum  roadway  part  gross  weight  of 
span  structure  turns  out  to  be  almost  3  times  less  than  with  reinforced  concrete 
plate,  which  gives  us  possibility  to  lighten  supports  of  bridge  considerably. 


4.  Description  of  Developed  Structure 


Basic  data.  Calculated  span  of  main  trusses  -  32.4  m  -  is  divided  into  8 


panels  of  4.05  m  each;  theoretical  height  of  trusses  is  2.7  m;  lattice  -  triangular 


without  struts  ^^igs,  1  and  2). 
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Fig.  1.  Diagram  of  span  structiu^e 

KEI:  (a)  Joint  of  upper  boom;  (b)  Cross  section  on  support 
in  span;  (c)  Plan  of  upper  horizontal  ties;  (d)  Joints 
of  lower  boom;  (e)  Plan  of  Icwer  horizontal  ties. 


In  cross  section  of  bridge  there  are  U  trusses  located  at  distance  2  m  axis  to 
axis  (Fii^,  3);  girders  are  united  in  pairs  by  longitudinal  and  support  transverse 
ties  and  form  two  independent  units  of  identical  dimensions.  Both  units  are 
connected  between  themselves  by  reinforced  concrete  pnate  of  roadway  part  vdth 
thickness  of  I5  cm  placed  over  main  trusses  and  joined  with  upper  boom  with  help 
of  comer  dogs.  Hoad  bod  is  a  layer  of  asphalt  concrete  with  plastic  additions 
with  thickness  of  cm. 


Support  parts  -  steel  of  the  same  tyne  as  support  parts  of  steel  span  structures 
ol  this  span. 

During  designing  of  pressed  profiles  fi.r  described  spein  structum,  following 
principles  were  taken  as  basis: 

1)  Section  of  elements  of  trusses  should  be  formed  fraa  one  pressed  profile, 
and  not  riveted  fren  separate  smaller  profiles,  or  sheets.  This  condition  was 
considemd  as  one  of  the  most  important,  since  its  fulfillment  ensures  maximum 
possible  decrease  of  volume  of  riveting  work. 

2)  Planned  profiles  have  to  be  by  univei*8al,  i.e.,  suitable  for  application 
during  designing  of  other  structures  frcoi  aluminum  alloys. 


3)  Fora  and  dinanaions  of  profiles  have  to  satisfy  technolor.icai  requirements 

of  manufacture  of  pressed  profiles,  and  also  requirements  of  convenient  and  reliable 
riveting. 

4)  Muniber  of  separate  profiles  should  be  as  far  as  possible  decreased  for  the 
purpose  of  simplification  and  reduction  of  costs  of  all  operations,  both  in  manu¬ 
facture  of  profiles  themselves  and  also  in  manufacture  of  the  span  structure, 

Ks  a  result  of  consideraticjn  and  appraisal  of  diverse  variants  of  profiles  for 
span  structure,  there  were  taken  foUcsfing  profiles,  shown  in  Fip,  4; 

1)  for  upper  boom  of  trusses  -  one  profile  for  entire  length  of  span; 

1)  for  lower  boom  also  one  profile; 

3)  for  Is+tice  -  two  profiles:  erne  for  all  compressed  struts,  and  the  other 
for  stretched  struts  and  support  col^nnns  working  on  local  load. 

Thus,  main  girders  of  span  structures  are  planned  from  four  profiles  in  all. 
Furthermore,  there  is  planned  four  corner  profile,  frem  which  one  serves  for  does 
uniting  reinforced  concrete  plate  of  roadwy  part  with  upper  boom  of  trusses  while 
three  others  are  elements  of  connections. 

Character  of  work  of  upper  boom,  as  element  of  combined  section,  dictated  its 
form,  shown  in  Fig,  4.  With  such  fora  of  section  upper  horizontal  sheet  is 
disposed  in  zene  of  the  biggest  compressing  stresses  aiKi  simultaneously  serves  for 
fastening  of  dogs;  Icerer  horizontal  webs  give  stability  to  vertical  web  plates  ar:i 
siroiltaneously  can  be  used  for  support  of  sheathing  of  plate  of  roadway  part,  which 
is  monolithic  and  is  poured  [concrete]  on  site. 

Designing  of  ,^-'ofiles  demanded  coordination  of  them  with  factory-producer. 

Joints  and  splices  of  trusses.  Designing  of  sections  of  elements  of  trusses 
fran  hcinogenous  profiles  allowed  us  to  limit  riveting  operation  only  to  Joints  and 
splices  of  tmiases. 

Joints  of  trusses  are  formed  by  paired  gussets  with  10  sm  thickness.  On  upper 
beam  gussets  are  disposed  inside  profile,  while  on  lower  bcx»i,  conversely,  on  the 
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a)  upper  booei;  b)  lower  bocn;  c)  ccapressed 
struts;  d)  stretched  struts,  support  stands,  and 
diaphrsgw;  e)  diagonals  of  ties;  f)  struts  of  ties; 
g)  angles  for  fastwlng  of  ties;  a)  dogs. 


outside  of  profile.  Oussets  are  fastened  to  borms  by  rivets  of  kO  mi  dianeter. 

All  rivets  in  span  structure  are  factory. 

Splires  of  trussee  are  planned  in  two  variants.  In  the  l  irst  ■'f  then  splices 
of  both  bocBS  are  disposed  outside  Joints  for  the  purpos??  of  maxinun  simniif’ cation 
and  easing  oi  assenbly  and  riveting  of  two^ebbed  secticnis  of  iinited  dimensions. 
Both  in  upoer  and  also  in  lower  boor.)  there  are  to  oe  four  splices  each;  number  of 
splices  is  detennined  frcn  condition  of  length  of  profiles  supplied  ny  factory, 
bplices  of  botn  booms  are  covered  by  paired  horizontal  and  vertical  cover  plate, 
with  thickness  of  10  ran. 

second  variant  of  splices  differs  frem  first  oy  the  fact  that  all  splices  are 
disposed  in  centers  of  Joints;  this  allows  us  to  semewhat  decrease  expenditure  of 
metal  on  splice  cover  plates  and  also  to  decrease  total  volume  of  riveting. 

Location  of  splices  in  Joints  at  the  same  tiine  leads  to  canplication  of  assembly 
c\nd  riveting  of  trusses.  Final  variant  of  splices  was  adopted  after  pi'eliminary 
experimental  riveting. 

Unification  of  sections  of  booms  and  lattice  of  trusses  allowed  us  to  unity 
also  the  joint  gussets  of  all  averare  Joints  and  to  plan  their  identical  form,  and 
dimensions. 

Ties  between  trusses.  Iranutability  of  Lrubses  forming  units  is  ensured  by 
horizontal  ties  in  rianc  of  lower  bocm  of  trusses,  reinforced  concrete  plate 
of  roadway  part  placed  on  upper  boons,  and  also  transverse  ties  located  on  ends 
of  units  on  supports. 

Lower  longidixlinal  ties  of  croos  system  are  fomed  free  angles  of  two  dimen¬ 
sions:  struts  -  frofi  angles  150  X  100  X  10  ac,  and  diagonals  -  from  angles  iOO  X 
100  X  o  ran.  Panel  of  lower  ties  is  equal  to  naif  of  pBuiel  of  trusses.  Ties  are 
fastened  to  booms  through  joint  russets  from  sneets  of  8  ran  tnicknesa  riveted  to 
boors  by  paired  angles  100  X  iOO  X  8  ran. 

For  assurance  of  iranutability  cf  clocks  during  transport  and  installation, 
in  all  joints  of  upper  been  there  are  sturdy  struts  frer.  angles  *5-0  X  xOu  X  1C  rar.. 


UnlflcAtliXi  of  aectione  &nd  ita  luflugnce  on  weijiiit  of  trusses*  'Ria  broad 


unification  cf  sactions  adopted,  naturally,  let  to  ai^ificant  undarutiXisation 
of  material. 

If,  ccnplying  with  effective  forces,  we  desigri  upper  boom  not  from  one,  but 
fron  two  elements,  preserving  without  change  the  number  of  splices,  then  easing 
of  weight  of  boom  will  constitute  625  kg.  For  lower  bocm  introduction  of  one 
new  profile  gives  acaicmy  in  weight  of  705  kilograms.  At  last,  addition  of  two 
now  profiles  in  struts  could  give  economy  in  weight  of  480  kilograms.  Thus,  the 
unification  o.f  sections  adopted  in  the  project  demanded  additional  expenditure  of 
1810  kg  of  mewl,  which  constitutes  nearly  13$  of  possible  lower  weight  of  span 
structure. 

In  spite  of  considerable  economy  which  may  be  attained  by  introduction  of 
four  new  profiles  such  design  ms  recognized  as  impractical,  since  it  led  to 
general  compllcaticn  of  construction. 

5.  Protection  of  Sioan  Structure  From  Corrosion 

The  bridge  is  dispoeed  in  region  where  there  are  no  industrial  enterpribesj  thus, 
th**  alumirura  span  structure  will  be  in  the  most  favorable  atmospheric  conditions. 

On  this  basis  it  was  resolved  not  to  resort  to  paint  or  any  other  means  of  protection 
of  span  structure.  Application  of  structure  without  special  measures  of  corrosion 
protection  is  mainly  for  experimental  purposes  and  should  give  us  additional  material 
for  objective  appraisal  cf  corrosion-resistance  of  structures  prepared  from  alloy 
D16-T. 

During  designing  it  was  considered  that  not  all  elements  of  structure  are  vinder 
identical  conditions.  Thus,  for  instance,  upper  bocm  of  girders,  on  which  there  is 
laid  on-site-poured  reinforced  concrete  plate  of  roadway  part,  is  with  respect  to 
corrosion  in  more  dangerous  conditions  than  other  elements  of  structure  not 


'1 


touching  the  concrete.  The  greeteet  denger  of  conroaion  ie  experienced,  apparently, 
by  horiaontal  sheet  of  upper  boom  with  doge  riveted  to  it. 

Considering  special  conditions  surrounding  upper  boon  of  girders,  it  was  resolved 
to  cover  entire  surface  of  horizontal  sheet  of  boon  and  comer  dogs  with  two 
layers  of  chrone-zinc  paint.  Special  attention  here  should  be  allotted  painting  of 
heads  of  rivets  and  slots  on  perimeter  of  comer  dogs  touching  boon. 

The  same  paint  is  to  be  on  internal  surfaces  of  Joints  of  lower  boon,  idience 
drainage  of  water  is  hampered.  In  that  expanse  between  Joints  drainage  of  water 
frcm  closed  profile  of  lower  boon  is  attained  by  providing  in  horizontal  sheet 
of  drain  holes  -  two  in  each  panel. 

>11  remaining  surface  of  girders  renains  %rithout  any  paint. 

To  avoid  appearance  of  bimetallic  corrosion  in  places  of  support  of  span 
atructxire  on  steel  support  parts,  upper  j^tes  of  support  parts  are  chrcnium  plated. 

6,  Manufacture.  Transport,  and  Installatlcn  of  Span  Structure 

Manufacture  of  span  structure  is  to  be  in  one  of  their  factories. 

Thanks  to  ccnparative  proximity  of  factory  in  which  there  will  be  prepared  spam 
structure  frcn  place  of  its  installation,  and  also  thanks  to  designing  of  span 
structure  from  two  separate  blocks,  the  possiblity  aroee  of  ccoplete  exclusion  of 
assembly  riveting,  limiting  work  on  crossing  to  installation  of  span  structures 
on  supports.  Plane  girders  are  joined  in  factory  into  blocks  of  two  girders  each 
by  means  of  setting  of  cross  longitudinal  ties  in  plane  of  lower  boon,  transverse 
struts  in  plane  of  upper  boom,  and  support  transverse  ties  on  ends  of  blocks.  In 
factory  to  upper  boom  of  girders  there  are  riveted  comer  dogs. 

Weight  of  thus  prepared  block  of  two  trusses  constitutes  /•?  t.  T/vsrall 
dimensiens  of  unit  are  the  foUowinr^:  length  32.76  m;  width  2.16  m,  height  3*02  m. 
Dimensions  of  units  and  their  low  weight  all(W  us  to  transport  them  by  motor 
transport  frcm  factory  to  place  of  river  crossing.  Distance  between  these  points 


»i‘ 


on  roads  outlined  for  transport  ccmstitutes  160  klloneters.  Transport  will  be 
carried  out  on  low  ssndtrailers  towed  by  motor  venlclo. 

Loading  of  block  on  trailers  in  factory,  unloading:  of  them  on  building  site, 
and  mounting  on  supports  are  ensured  by  two  truck  cranes. 

7.  Peculiarities  of  Calculation  of  Structure 

a)  Technical  specs  of  designing.  Technical  specs  for  designing  of  span  struc¬ 
tures  of  highway  bridges  frcri  aluminum  alloys  do  not  yet  exist.  Therefore,  during 
composition  of  design  there  were  used  "Technical  Specs  for  Designing  of  Bridges 
from  Aluminum  Alloys  (supplement  and  amendment  to  TUI^-36  [Technical  Specs  for 
Bridge  Designing]),''  composed  by  MIIT  [Moscow  "Order  of  Lenin  and  Order  of  the 
Red  Banner  of  Labor"  Institute  of  Railroad  Transportation  Engineers]  in  1958  in 
reference  to  railroad  bridges,  "Techidcal  Specs  for  Designing  of  structures  from 
Aluminimi  Alloys  (project),"  composed  by  TsNIISK  [Central  Scientific  Research 
Institute  of  Structural  F^rts]  in  I960,  and  also  effective  TU*s  [Tech.  Specs]  and 
rules  for  designing  of  s'''eel  bridges  and  structures. 

Designing  of  span  structure  was  done  in,  respect  to  allowed  stresses,  which  are 
taken  as  the  following: 

1)  for  alloy  D16-T  -  basic  allowed  tensile  stress 

t  ^  ten)  =  1»700  kg/cm2j 

allowed  bearing  stress 

bear)  =  1-8  [<r  ^en)  =  1-8  X  1,700  -  3,060  kg/cm^j 

shear  stress 

10  3^]  =  0.6  [c  ^3n]  =  0.6  X  1,700  =  1,020  kg/cm^. 

2)  for  rivet  alloys 


Alloy 

bear) 

[<^  sh]  kg/cm2 

Dlft-T 

2100 

800 

V65-T 

2660 

1000 

b)  Work  of  united  section  of  upper  l:>oom.  During  calculation  of  upper  boom  of 
girders  united  with  reinforced  concrete  plate  of  roadway  part,  there  are  considered 
peculiarities  ensuing  from  combination  of  reinforced  concrete  with  aluminum. 

Thanks  to  lower  modulus  of  longitudinal  elasticity  of  aluminiun,  unification  of 
it  with  reinforced  concrete  is  significantly  more  effective  than  inification  of 
reinforced  concrete  with  steel.  If  in  steel-cr*'crete  construction  effect  of  uni¬ 
fication  of  both  materials  is  determined  by  ratio  -  8-10,  then  in 

^st  con 

aluminum  concrete  construction  degree  participation  of  reinforced  concrete  plat' 
in  joint  work  is  significantly  larger  and  is  determined  by  ratio 

Eal  _  ^ 

^st  con 

The  significantly  greater  participation  than  in  steel  concrete  construct ‘ on 
of  plate  in  joint  work  with  boom  stipulates  larger  values  of  given  area  of  comoined 
section  and  its  moment  of  inertia,  tdiich  allows  us  to  designate  more  economic 
sections  of  boom. 

Combined  section  is  calculated  for  loads  of  two  forms  corresponding  to  two 
stages  of  its  work. 

Below  in  table  there  are  given  values  of  stresses  appearing  in  combined 
section  first  and  second  stages  of  its  work. 

From  this  table  it  is  clear  that  calculated  stresses  in  aluminum  upper  boom 
are  significantly  lower  than  those  taken,  while  compressing  stresses  in  reinforced 
plate  are  utilized  to  approximately  50^.  This  table  shews  also  that  16%  of 
stresses  in  it  arise  from  loads  of  first  stage;  in  second  stage  boom  works  poorly, 
which  is  explained  by  large  effect  of  unification  with  reinforced  concrete  plate. 

8.  Conclusions 

Designing  of  described  span  structure  allows  us  to  make  following  conclusions: 


Stresses  in  Combined  Section  of  Upper  Boom 


1  Stresses  in 

1 _ 

kg/ cm2 

Calculated  loads 

upper 

‘'al 

flower 

al 

^con 

I  stage  -  gravity  of 
plate,  girder,  and  sheathing 

-1139 

-435 

Plate  does 
not  work 

II  stage  -  remaining  part 
of  constant  load,  tfunporary 
load  N13»  and  group  .... 

-111.5 

-21.0 

-33.0 

stresses : 

from  eccentric  fasten¬ 
ing  of  struts  . 

-168.5 

fl4.9 

from  temperature  ... 

i 

-287.6 

+32.4 

■^6.0 

+287.6 

-32.4 

-6.0 

from  deflection  of 
stresses  . 

- 

-28.5 

Total  stresses  . 

-1490.1 

-915.7 

-550.1 

-6U.9 

-40.9 

-52.9 

1)  For  riveted  alumintun  structures  the  most  suitable  for  purposes  of 
economy  of  alloy  metal  is  alloy  D16-T,  possessing  high  strength,  satisfactory 
corrosion  resistance,  and  ensuring  good  use  of  material  with  simultaneous 
satisfaction  of  requirements  of  rigidity. 

2)  Canbination  of  reinforced  concrete  with  aluminum  alloy,  thanks  to  low 
elastic  modulus  of  aluminvun,  is  more  effective  than  combination  with  steel.  Main 
merit  of  combined  al\iminum  concrete  structures  is  their  high  rigidity. 

3)  Installation  on  bridges  of  aluminum  roadway  part  allows  us  to  sharply 
decrease  load  from  gravity  and  has  therefore  great  meaning  in  reconstruction  of 
old  bridges  not  suited  to  passage  of  new  heavy  loads.  During  designing  of  new 
aluminum  bridges,  it  is  necessary  to  consider  that  installation  of  aluminum  road¬ 
way  part  of  usual  type  requires  significant  overexpenditure  of  metal.  Rigidity  of 
bridges  with  alxuninvun  roadway  part  is  lower  than  rigidity  of  bridges  of  combined 
construction. 


4)  Riveted  span  structures  of  bridges  with  open  rain  trusses,  starting 
from  span  of  30  m  and  more,  are  considerably  more  economical  in  e^^nditure  of 
aluminum  alloys  than  those  with  solid  main  beams. 

5)  It  is  necessary  to  significantly  expand  investigation  of  our  avajiiablc 
and  newly  created  rivet  alloys  with  an  eye  on  their  application  for  cold  rivets 
of  large  diameters. 


PRESTRESo  OF  OPEN  TRUSSES  FROM  ALUMINUM  ALLOYS 
FOR  INDUSTRIAL  BUIIDINGS 


B.  A.  Speranskiy,  Cand  of  Tech.  Sciences,  F.  F.  Tampion,  Engineer 

In  the  article  there  are  given  certain  results  of  work  of  authors  pertaining 
to  prestress  of  open  trusses  of  Industrial  buildings  frcm  alxmilnum  alloys  with 
span  up  to  60  m.* 

Investigation  of  steel  structures  showed  that  the  most  promising  method 
of  creation  of  prestrese  of  open  steel  girders  Is  Installation  of  straining  elements 
from  high-strength  steels.  In  structures  of  steel  and  aluminum  girders  have  much 
In  common  [1];  therefore,  authors  of  the  article  In  the  first  place  treated 
girders  from  aluminum  alloys,  also  those  reinforced  by  straining  elements  from 
high-strength  steels. 

Appllcatlcm  of  high-strength  steels  for  straining  elements  Is  economically 
profitable. 

Location  of  straining  elements  in  respect  to  basic  structure  renders  serious 
influence  on  distribution  of  forces,  defoliation,  and  technico-economic  indices 
of  metallic  prestressed  trusses.  Depending  upon  this.  It  Is  possible  to  subdivide 
girder  into  three  types: 

*Vlork  eas  carried  out  in  Scientific  Reese rch  Institute  for  Industrial  Buildings 
and  Structures  of  ASIA  [Academy  of  Construction  and  Architecture]  USSR  and  in  chair 
of  building  parts  of  Ural  Polytechnic  Institute  in  1959-1960. 


a)  those  with  separate  prestressed  beams; 

b)  those  with  ties  or  struts  placed  within  limits  of  dimension  of  basic 
structure; 

c)  those  with  ties  or  struts  carried  beyond  the  limits  of  basic  structure 
(Fig.  1). 


1,  Tru&wSS  with  Separate  Prestressed  Beams 
Beams  with  the  greatest  stretching  efforts  from  calculating  load  are  pre- 
compressed  (in  flitched  trusses  -  beams  of  lower  boom  and  those  tension  struts 
nearest  to  supports).  Cross  sections  preccnpresaed  beams  consist  of  two  parts: 
rigid  -  from  usual  profiles  and  flexible  straining  elements  from  high>strength 
steel  (Fig.  1  a). 

Amount  of  lowering  of  expenditure  of  materials  and  cost  of  separate  pre¬ 
compressed  beams  are  connected  with  ratio  of  strength  characteristics  and  elastic 
modtili  of  applied  matei*ial8  and  magnitude  of  calculated  stresses. 


Fig.  1.  Diagram  of  preatreesed  metallic  trusses 
a)  truss  with  separate  prestressed  beams  and  cross 
sections  of  prestressed  beams;  b)  truss  with 
stressed  lower  boom;  c)  truss  with  'tied  arch;" 
d)  strutted  truss;  1)  basic  structure;  k)  straining 
elements. 


M«rlt  of  tru88«a  with  aeparate  prestressed  beams  consists  in  the  fact  that  all 
operations  connected  with  prestresslng,  can  be  executed  by  factory-producer  of 
structures, 

Elastic  modulus  of  aluminum  alloys,  three  times  lower  than  for  steel,  renders 
essential  influence  on  distribution  of  stress  between  aluminum  part  of  beam  and 
steel  straining  element,  rhia  circumstance  requires  increase  of  ratio  of 
calculated  resistances  of  aluminum  alloy  and  steel  of  prestressed  beam. 

It  is  possible  to  establish  criterlcm  of  feasibility  of  preliminary  stress 
of  aluminum  beam.  For  this  purpose  we  shall  use  formulas  offered  by  S.  N.  Klepikov 
[2]  for  steel  beam.  S.  N.  Klepikov,  taking  for  limiting  state  on  load-bearing 
ability  simultaneous  achievement  of  calculated  resistances  by  straining  fittings 
and  by  rigid  part  of  beam  during  equality  of  their  deformations,  obtained  following 
formiHas  for  selection  of  section  of  preccmpressed  beam  (designations  in  formulas 
are  modified  to  fit  beams  from  alumin\im  alloys): 

F  =  _  n  ^ 

=  (2) 

P 


/?.(!  +/«•?) 

Here  N  -  calculated  stress  in  beam  in  t; 

Fc,  Ec,  Rc  -  «8r'!ctively  -  area  of  cross  section  in  cm2,  elastic  modulus, 

aiid  calculated  resistance  of  steel  ctrainijtg  element  in 

Fa,  Ea,  Ra  -  the  same  qualities  for  rigid  strained  part  of  beam  from 

alimiinum  alloy; 

2 

a  -  area  given  to  aluminvsD  of  whole  beam  in  cm  ; 

Ea 

9  =  -  ratio  of  elastic  moduli  of  aluminum  alloy  and  steel; 

f  -  coefficient  of  longitudinal  bend  of  alvcdnum  part  of  beam; 
n'  =  1.1;  n"  =  0.9  -  coefficients  of  overloading  and  underloading  of  straining 

steel  fittings. 

From  formula  (2)  it  follows  that  pr ,  ccmpreesion  of  rod  is  poesible  only  when 


>0. 


Fa>0, 

i.e,,  when  « - ^>0.  (4) 

p 

We  shall  inti*oduce  desl^tion  for  ratio  of  calculated  resistances  of  steel 
and  aluminum  alloy  k,  make  necessary  substituticns  and  algebraic  transfomations 
in  formula  (4),  and  shall  obtain  condition  of  possiblity  of  precompression  of 
aluminum  beams: 

*Siin  ^  ^ 


Table  1.  Miniimai  Values  of  k  >= 

Ra 


^  M3  CTMJIH 

Ml  »4iowHHNrioro  crtJiatJ 

l.?4  1 

l.tts  1 

.  1 

0.41 

0.13  i 

0.13 

1 

1.52 

1  1.8 

l.«9 

4.6 

5,4 

5.66 

0,75 

1.35 

1.59 

1.67 

4.07 

4.75 

5 

0.5 

1.27 

1,38 

1.45 

3.5 

4.15 

4.34 

0.25 

0,98 

1.15 

1.2 

2,95 

3.42 

3.62 

KEY:  (a)  Rigid  part  of  beam;  (b)  of  steel;  (c)  of 
aluminum  alloy. 

Taking  values  of  elastic  modulus  for  steel  cables  E  =  1.7  X  10^  t/cn^,  for 
roUed  beams  fron  high-strength  steel  E  =«  2  X  103  t/cm^^  ^  for  beams  frco  Ice#- 
carbon  steel  E  =  2.1  X  103  t/aa^,  we  obtain  for  beams  from  alumintei  alloys  with 

steel  fittings  values  of  K  equal  to  0.41,  0.3^»  0-33. 

In  Table  1  there  are  given  tainixman  values  of  ratio  of  calctUated  resistances 
of  fittings  and  rigid  structure  of  beans  of  steel  and  aluminum  alloys  as  function 
of  coefficient  of  longidinal  bend  ?  and  ratios  of  elastic  moduli  P  .  Experience 
of  designing  shows  us  that  for  obtainiiig  of  pei^ceptible  economic  effect  it  is 
necessary  to  choose  of  ratio  of  calculated  resistances  k  at  least  2-3  units 
higher  than  rJjiir3um  values  from  Table  1.  If,  h<a#ever,  magnitude  of  k  ia  selected 
close  to  mlnimtm,  large  share  of  calculated  stress  will  le  absorbed  by  fittings, 
and  aluminum  part  of  beam  becomes  unnecessary.  I  ”  Instar^s,  idien  ratio 


of  calculated  resistances  k  =  4.17*  ratio  of  elastic  moduli  0.41  and  coefficient  of 
longitudinal  bend  7  0.73)  in  beam  fran  alloy  D16-T  96^  calculated  stress  Is 
transmitted  to  fittings  from  high-strength  cable.  If,  hcwever,  we  Increase  flexi¬ 
bility  of  beam  in  such  a  manner  that  coefficient  of  longitudinal  bend  drops  to 
?  =0.5,  then  to  steel  cable  there  will  go  of  calculated  stress,  while  area 
of  cross  section  of  alvmlnum  part  of  beam  txuns  out  to  be  less  than  area  of  steel 
cable,  which  In  practice  is  also  unreallsable. 

Analyzing  data  of  Table  1  with  respect  to  remarks  made,  it  is  possible  to 
ccmclude  that  for  beams  from  alloy  D16-T  acceptable  values  of  magnitude  of  k  have 
to  be  no  less  than  This  condition  necessitates  application  of  steel  fittings 

with  calculated  resistance  of  not  less  than  14-19  t/cm^,  which,  for  instance, 
requires  tensile  strength  of  wire  of  steel  cables  of  26-36  t/cm^.  In  reality 
native  industry  puts  out  steel  cables  useful  for  ■^restressed  structures  with 
tensile  strength  of  wire  not  higher  than  19-20  t/cm’^,  and  production  cx  high- 
strength  hot-rolled  round  steel  beams  still  Just  beginning.  Therefore,  prestress 
of  separate  beams  from  alvmlnum  all(^  D16-T  at  present  is  practically  unrealizable  • 
Shown  limitation  drops  for  beams  from  less  strong  alloys,  for  instance,  from  alloy 
AMg6  with  calcvilated  resistance  of  1,350  kg/ca^^  since  in  this  case  it  is  possible 
to  obtain  steel  fittings  with  strength  5-^  times  more  than  for  aluminvm  alloy. 

Here  it  is  possible  to  realize  lowering  of  weight  of  beam  by  25^  and  Icereilng  of 
weight  of  whole  truss  by  &-10^.  However,  practical  application  of  such  pre- 
cdspressed  beam  is  also  inapplicable  owing  to  developsent  of  excessively  largt 
deformations.  Specific  elongation  of  alvsninvan  reinforced  by  steel  of  beams  increases 
to  0.3-0. 5’^  and  more,  then,  as  for  precoaipressed  steel  beams,  this  magnitude 
does  not  exceed  0.1-0.15t.  Shown  increase  of  defomaticne  is  impermissible,  because 
prestress  of  separate  beams  should  be  executed  by  factory-producer,  and  therefore^ 
the  possibility  of  control  of  doformavicns  in  prwiest  of  assembling  of  constructicns 


is  excluded. 


EverTthing  said  regarding  separate  preccnpressed  beams  pertains  also  to 
trusses  with  prestressed  ties  on  lower  bocm,  as  per  Fig.  lb,  since  lower  boom 
with  prestressed  tie  differs  from  separate  preccnpressed  beam  bjr  only  variable 
magnitude  of  stress. 

As  can  be  seen  frcm  that  presented,  not  all  schemes  of  prestressed  trusses 
developed  for  steel  structures  a:'e  applicable  in  structures  frcm  aluminum  alloys. 
Thus,  it  is  impossible  to  recommend  for  application  trusses  with  separate  pre¬ 
compressed  beams  and  ties  within  limits  of  dimension  of  truss.  For  obtainim?  of 
large  effect,  obviously,  one  should  dispose  straining  elements  with  respect  to 
rigid  part  of  structure  in  such  a  manner  that  prestress  creates  state  of  strain 
of  reverse  sim  in  all  or  in  majority  of  beams  of  truss.  Such  prestress  not  only 
will  allow  us  to  regulate  effort  in  beams  of  truss  and  in  large  measxire  will 
promote  louring  of  expenditure  of  materials  and  coat  of  construction,  but  also 
will  give  us  possibility  of  regulating  deformation  in  prxjcess  of  raising  of 
structure.  All  these  requirements  are  satisfied  by  trusses  with  straining  elements 
carried  beyond  the  limits  of  dimensions  of  basic  structure:  trusses  with  "tied 
arch"  and  strutted  trasses  (Fig.  Ic  and  d), 

2.  Trusses  of  "Tied  Arch"  Type 

I’hore  were  studied  trusses  with  span  of  30,  36,  and  45  m  with  spacing  of 
0  and  12  m  under  full  calculated  load  of  250  kg/m  (dead  rated  load  of  100  kg/m^  with 
with  coefficient  of  overlOfc.d  1,1  and  rated  snow  load  of  100  kg/a^  with  coefficient 
of  overload  1.4).  Diagrams  of  trusses  are  shown  in  Fig.  2.  Outline  of  all  pre¬ 
stressed  trusses  is  taken  as  two  sloping  surfaces  with  parallel  contcur  of  booms. 
Lattice  triangular  with  additional  struts  for  decrease  of  flexibility  of  upper 
bocm  and  struts.  Length  of  panel  of  basic  lattice  figured  on  upper  boom  is  3  m. 
Height  of  truss  between  axes  of  oocm  is  1/12-1/12,5  of  span,  i.e.,  the  same  as  for 
analogous  steel  trusses  with  "tied  prestreesed  arch."  Pitch  of  bocsw  is  1/7-1/R. 


Cross  soctlons  of  trusses  with  span  of  30  and  36  m  are  single-webbed,  mainly  fron 
two  angles  with  beads  disposed  in  a  tee.  Upper  boom  of  truBs  with  span  of  36  m 


Fig.  2.  Diagrams  of  prestressed  roof  trusses  fron 
aluminum  alloys 

a)  span  of  30  m|  b)  span  of  36  m;  c)  span  of  45  mj 
l)  basic  structure  from  aluminum  alloys  2)  straining 
elements  from  high-strength  steel  cable. 

is  planned  in  two  variants  -  frcsn  angles  and  from  tee  profile  with  beads;  lower 
boom  -  also  in  two  variants  -  from  angles  and  from  special  box-like  profile. 

Cross  secticms  of  oeams  of  45-mete~  span  are  taken  as  double-webbed  from  two 
beaded  angles  with  flanges  turned  to  opposite  sides.  Material  of  basic  structure 
of  trusses  of  all  considered  spans  -  alloy  AMg6;  furthermore,  there  are  considered 
trusses  with  span  of  45  m  from  stironger  alloy  D16-T, 

Tying  of  trusses  is  done  with  steel  cable  of  factory  manufacture  with  rigid 
core  with  tensile  strength  of  wire  of  17-19  t/cm^.  Ties  are  terminated  by  anchor 
devices  of  sleeve  type,  constituting  cylindrical  sleeve  of  steel  St  3  with  conical 
cavity  on  which  is  wound  end  of  cable,  untwisted  to  separate  wires  and  degreased. 
Cavity  of  heated  sleeve  is  filled  with  melted  babbit.  Before  installation  on 
site,  cables  are  drawn  for  not  less  than  one  hour  by  force  exceeding  that  calculated 

by  20^. 


Fig,  3.  Diagrams  of  roof  trusses  frcci  aluminum  allc^ 
iriuhout  stress. 

Tension  of  cables  on  trusses  is  produced  by  different  equipment.  Selection 
of  tension  eqiiipment  depends  on  reqxiired  tensile  stress.  The  most  suited  are 
hydraulic  pulling  devices  (rods  with  junction  boxes  NIIPS  [Scientific  Research 
Institute  cn  Industrial  Construction]  or  sleeves)  or  pushing  jacks*  Detailed 
description  of  methods  and  equipment  for  prestressing  of  metallic  stractures  is 
given  in  work  of  one  of  authors  of  article  [3], 

After  pulling  of  ties  in  lower  boom  of  arched  trusses  there  can  appear  com¬ 
pressing  forces,  therefore,  during  designing  there  was  provided  fastening  with 
joints  of  lower  booms  of  trusses  at  each  6  m  in  lateral  plane. 

In  order  to  estimate  effect  of  prestress  we  determined  expenditure  of  materials, 
weight  and  deflection  of  trusses  with  "tied  arch"  and  of  trusses  with  parallel 
bccms  without  prestress,  as  per  Fig.  3.  To  this  end  there  was  performed  full 
static  and  constructional  calculation  of  prestressed  trusses  and  there  were  made 
dra\idngs  to  scale  of  technical  project,  on  the  basie  of  which  there  was  determined 
requirement  of  aluminum  alloy  and  steel  cable.  During  calculation  of  wei^t  of 
trusses  there  was  considered  structural  coefficient  of  1.1  for  welded  single-webbed 


Table  2.  Expenditure  of  Materials  and  Weight  of  Prest reseed 
Roof  Trusses  From  Aluminum  Alloys 
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KEY:  (a)  Span  of  trusses  in  m;  (b)  Spacing  of  trusses 
in  m;  (c)  Alloy;  (d)  Joints;  (e)  Expenditure  of  materials 
in  kg;  (f)  aluminum  alloy;  (g)  steel  cable;  (h)  Total 
weight  in  kg;  (i)  Welding;  (j)  Rivets, 


trusses j  1.15  for  riveted  single-webbed,  and  1.2  for  riveted  double-webbed  trusses. 

Trusses  without  prestress  were  designed  from  the  same  alloys,  for  Identical 
loads,  and  with  identical  types  of  cross  sections  as  truss  with  prestress.  Detailed 
data  on  trusses  without  prestresses  are  given  in  article  of  one  of  authors  published 
in  this  collection  [4].  From  this  article  there  are  taken  data  csi  weight  of 
trusses  obtained  as  a  result  of  development  of  working  drawings, 

Infonoation  about  expenditure  of  metal  and  weight  of  prestressed  trusses  is 
given  in  Table  2.  In  Fig.  4  there  is  depicted  graphically  the  influence  of 
prestress  on  weight  of  trusses  from  all<^  AMg6, 

Analysis  of  given  data  allowed  us  to  establish  the  following. 

Prestressed  trusses  with  "tied  arch,"  as  compared  to  trusses  with  parallel 
booms  without  prestress,  reduce  expenditure  of  aluminum  alloys  by  15'-24^  and  are 
lifter  in  weight  by  5-15/^. 

Economic  effect  of  prestress  is  increased  with  increase  of  calculated  stresses, 
or  the  vezy  same  occurs  with  increase  of  spans  and  spacing  of  trusses.  'Rius, 
prestress  of  truss  with  span  of  30  m  with  spacing  of  6  m  gives  us  possibility 
to  save  only  155^  of  aluminum  alloy  AMg6  and  to  lower  total  weight  of  girder  by 
5JJ.  Increase  of  load  and  stresses  by  2  times  with  preservation  of  the  same  30-meter 


span  is  acccmpanied  by  growth  of  economy  of  altaninum  alloy  to  20^  and  lowering 
of  total  weight  to  12^. 


With  transition  from  truss  with  span  of  30  m  to  45Hneter  truss  calculated 
for  Identical  load  effect  of  prostress  is  increased:  requirement  in  aluminum 
alloy  is  reduced  to  24^  and  weight  of  truss  is  eased  by  15^. 

<  It  is  necessary  to  note  that  lowering 
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In  trusses  with  span  over  36  m 


Fig.  4.  Weight  of  roof 
trusses  from  aluminum 
alloy  AMg6  (spacing  of 
trusses  is  12  m) 

1)  truss  without  pre¬ 
stress;  2)  prestressed 
truss;  3)  weight  of 
aluminum  alloy  in  pro- 
stressed  form. 

KEY;  (a)  Weight  in  kg; 
(b)  Spans  in  m. 


application  is  Justified  of  high-strength 
aluminum  alloys  of  type  D16-T.  Thus, 
prestressed  truss  with  span  of  45  m  frcm 
allc^  D16-T  is  22^  lighter  and  requires 
36^  less  aluminum  alloy  than  such  a 
tnuss  from  alloy  AMg6. 


In  Fig.  5  there  are  depicted  loading  diagrams  -  deflections  of  average  Joint 
of  prestressed  truss  with  "tied  arch"  having  span  of  45  m.  Fig.  5a,  pertains  to 
truss  frcm  alloy  AMg6.  Fig.  5b,  characterizes  build-up  of  deflection  of  truss 
frcm  alley  D16-T,  Diagrams  reflect  following  sequence  of  prestress  and  loading 
of  trusses.  Tie  is  directly  included  in  work  of  a  truss,  then  there  is  applied 
constant  load,  after  that  there  is  produced  tension  of  tie  and  net  (snow)  load 


is  applied.  Tensile  stress  of  tie  of  truss  frcm  alloy  AMg6  is  taken  at  50  t, 
and  for  truss  frcm  alley  D16-T  — 45  and  30  t. 

Diagrams  (Fig.  5)  explain  hew  by  tension  of  tie  it  is  possible  to  regulate 
defonnation  of  truss.  Thus,  if  one  were  to  change  tensile  stress  of  tie  from 


'  ;  '  '  ^  > 


30  to  45  t,  deflection  of  trues  frco  alloy  D16-T  decreases  from  1/180  to  1/2^  of 
span  (readings  of  deflection  are  from  Initial  position  of  truss  before  loading 
and  tension).  These  diagrams  also  show  that  height  of  basic  structure  of  truss 
with  “tied  arch"  equal  to  1/12.5  of  span  derived  from  steel  prestressed  trusses 
satisfies  requirements  of  rigidity  of  trusses  from  alloy  AMg6  (deflection  from 
normative  snow  load  was  found  at  1/440  of  span,  but  it  is  insufficient  for  trusses 
from  twice  -  stronger  alloy  D16-T.  It  is  obvious  that  height  of  prestressed 
trusses  from  alloy  D16-T  should  be  designated  at  not  less  than  l/U  -  l/lO  of 


Fig.  5.  Deflections  of  average  Joint  of  prostressed  trusses 
from  aluminum  alloys 

a)  truss  with  span  of  45  m  from  alloy  AMg6,  tensile  stress  of 
tie  50  tj  b)  truss  with  span  of  45  m  from  alloy  D16-T  (l  - 
tensile  stress  of  tie  45  tj  2)  tensile  stress  of  tie  30  t); 
c)  truss  -  crossbar  of  prestressed  combined  frame  with  span 
of  60  ffl. 

KCT;  (a)  Dead;  (b)  Snow;  (c)  Load;  (d)  Deflection  in  cm; 

(e)  Crane. 

Trusses  with  “tied  arch"  are  static  Lideteiminable  systems.  In  such  systems 
with  variations  of  temperature  there  appear  additional  stresses.  Coefficient  of 
linear  expansion  of  aluminum  alloys  is  2  times  more  than  for  stee^..  Therefore,  it 
is  necessary  to  detect  magnitude  of  temp«»rature  stresses  in  trusses  from  aluminum 
alloys  with  ties  of  steel,  which  is  necessary  to  determine  whether  these  stresses 


must  be  considered  duiring  designing  of  trusses.  Calculation  of  trusses  with 


"tied  arch"  with  span  of  30  m  with  tsnporat:  ire  drop  of  50**  revealed  change  of 
calculated  stress  In  tie  of  +  6.5^.  Small  change  of  stresses  under  the  influence 
of  thennal  effects  is  explained  by  the  f^.ct  tijit  the  elastic  modulus  of  aluminum 
alloys,  three  times  less  than  for  steel,  compensates  Influence  of  twice-larger 
(than  for  steel)  coefficient  of  linear  expansion. 


Transverse  Frame  of  Combined  Structure  For  Industrial  Building 
With  Upper-ouspension  Cranes 


Transverse  frame  of  building  with  span  of  60  m  consists  of  reinforced 
concrete  columns  and  roof  tn'ss-crosebar  (Fig,  6).  Linkage  of  tniss  with  columns 
is  hinged.  Transverse  frambs  are  located  with  spacing  of  24  m.  Frames  bear  load 
from  weight  of  covering,  snow,  and  from  multiple-seated  upper-suspension  cranes 
with  load  capacity  of  15  t.  Net  loads  at  first  are  transmitted  to  intermediate 
transverse  trussop  of  covering  with  span  of  12  m,  then  to  longitudinal  five-span 
truss  (5  X  24  ffl)  and,  at  last,  to  main  truss-crossbars  of  frame. 


Enclosing  structures  of  coverings 
are  from  two-l%yered  aluminum  panels  with 
1 . 5  X b  m  dimensions  heated  by  foam  plastic. 
Such  panels  are  24  times  lighter  than 
covering  with  reinforced  concrete  panels, 
foamy  cement  heater,  and  Ruberoid  sheet, 
which  very  favorably  affects  loimrlng 


Fig.  6.  Diagram  of  combined  of  weight  of  supporting  roof  of  large- 

prestressed  frame  with  span 

of  bO  m  structures.  It  is  necessary  to 

1)  truss-croesbar  from  alloy 

D16-T;  2)  steel  cable;  3)  note  that  sharp  lowering  of  weight  of 

reinforced  concrete  colissn; 

4)  suspension  wsb  plate;  5)  enclosing  structures  is  attained  with 

longitudinal  truss;  6) 

cxxmecting  piece.  ccmparatively  small  appreciating  of 


the  enclosure.  Construction  of  panels  is  slated  for  factory  manufacture 

eFor  detailed  description  of  larCT-span  building  with  aluminum  preetrwsed 
superstructures  see  work  of  authors  [6]. 


Main  girdar-croaabar  of  frame  is  made  from  heat  treated  aluninum  alloy  D16>T 
with  basic  calculated  strength  of  2650  kg/cn^.  Height  of  truss  was  varied  from 
6  to  7.2  m  and  from  considerations  of  assurance  of  sufficient  rigidity  it  was  taken 
at  7.2m  .  Lattice  of  truss  is  diagonal  with  descending  struts.  Length  of  panel 
was  also  varied  from  4  to  6  m,  and  6  n  was  selected  for  the  purpose  of  decrease 
Li  quantity  of  Joints  on  assembly.  Excessive  height  of  truss  necessitates  transport 
of  it  frcn  factory-producer  to  place  of  assembling  in  separate  length:;,  therefore, 
a  great  ^rolume  of  nodal  joints  is  transferred  fron  factory  to  assembly  site.  This 
circumstai\ce  Ifflpellsd  us  to  £dopt  least  labor-consimiing  assembly  joints  on  pre¬ 
stressed  high-strength  bolts  fron  heat  treated  alloyed  steel  40  Kh. 

Cross  section  of  boons  and  support  struts  are  designed  frcn  box-like  pressed 
profiles  with  one  partially  open  side.  Basic  dimensions  of  profiles  are  400  X 
400  nn,  thickness  of  web  plates  frcn  5  to  12  nn.  In  box-like  profile  material 
is  efficiently  distributed  through  cross  section,  which  prcnotes  increase  of 
strength  of  ccnpressed  rods.  Furthermore,  box-like  section  of  beams  pemits  con¬ 
venient  fastening  of  gussets,  while  presence  of  open  side  all«f8  us  to  start 
high-strength  bolts  in  place.  For  assurance  of  local  strength  web  plates  of 
box-like  profile  are  reinforced  frcn  within  by  longitudinal  shelves  with  height 
of  30  on.  Croes  sections  of  lese-loaded  beams  of  lattice  are  ccmpx^sed  of  two 
channels  with  walls  turned  to  oppostie  sides. 

Prestress  of  fraows  is  created  by  two  steel  cables  with  diameter  of  55  on  from 
wire  with  tensile  strength  of  190  kg/^aa^. 

Cables  are  passed  along  center  part  of  lower  boon  of  truss,  then  are  led  off 
obliquely  upwards  to  terminal  joints  of  upper  boon  of  truss,  and  after  this  they 
are  bent  around  outside  of  croesbar  and  column  and  are  secured  behind  beae  of 
colussna  or  through  suspension  web  b^iind  a  special  foundation  (Fig.  6).  Cables 
rise  together  with  trust,  but  are  strained  after  aaeembllng  of  metallic  etructuree 
and  plates  of  covering.  Tension  of  cables  is  produced  by  sleeves,  fulled  dcsnward 


by  hydraulic  Jacks  in  places  of  fastening  cables  to  columns  eiaoltaneoualy  from 
both  ends.  Tensile  stress  of  both  cables  for  truss  with  hei^t  of  7*2  a  by  means 
of  test  attempts  was  selected  at  80  t  (for  truss  with  height  of  6  m  optiatB  tensile 
stress  tum^  out  to  be  100  t).  In  parallel  with  designing  of  frasw  with  aluninum 
crossbar  there  was  developed  a  design  of  analogous  combined  frame  with  steel 
crossbar  of  steel  ISKhSND  under  load  from  covering  with  reinforced  concrete  large- 
panel  flooring  heated  by  foamy  cement  and  with  Ruberold.  roof.  In  this  case  tensile 
stress  of  cables  had  to  be  35C  t. 

Tension  of  cables  very  significantly  affects  magnitude  of  calculated  stresses 
In  beams  of  truss-crossbar.  Stresses  decrease:  in  upper  boon  by  23-3 in 
struts  and  uprights  by  35-50^.  Calculated  stresses  in  lower  boon  are  balanced 
and  become  2-4  times  less  than  stresses  in  lorsr  boom  of  truss  without  prestress. 

So  significant  a  decrease  of  stresses  in  lowsr  boon  is  explained  by  double  pinch 
effect  of  it  during  tension  of  cable,  first,  from  bending  of  entire  truss  upwards 
by  tie,  secondly,  from  compressing  for^s  transmitted  through  M  elements  to  suf^rt 
assemblies  of  truss,  lhanks  to  these  N  beams  (Fig.  6)  terminal  paxwls  of  upper 
boom  are  relieved  of  additional  compressing  stresses  appearing  in  trusses  with 
prest reseed  tie  within  liiaite  of  dimeneicn  of  basic  structure. 

Offered  scheme  of  prestreae  allows  us  to  regulate  not  only  streee,  but 
deformation  also.  In  Fig.  5c  there  is  shown  diagram  of  (toflection  of  average 
Joint  of  trass  in  process  of  tensing  and  loading.  Fran  diagram  it  follows  that 
deflection  from  dead  load  is  equal  to  10  c».  Pretension  of  cables  eliminates  this 
deflection  and  bends  truss  upwards  by  8.6  cm.  After  application  of  full  time  of 
load,  deflection  of  truss  downwards,  reckoning  from  Initial  position,  reaches 
22  cm,  of  which  9  cm  constitutes  deflection  from  cram  load.  Changing  force  and 
sequence  of  tension  of  cables,  it  Is  poesible  to  artificially  regulata  deformation 
of  truss-croesbar. 


1 

f^sculiarity  of  considered  transverse  freme  of  buildings  is  application  of 


reinforced  concrete,  ccnbined  columns.  This  became  possible  owing  to  sharp  lowering 
of  weight  of  structures  of  covering  and  thanks  to  hinged  linkage  of  crossbar  with 
columns. 

In  Table  3  there  are  given  data  on  weight  of  normal  and  prestressed  truss- 
crossbars  frcB  aluminum  alloy  D16-T  and  from  low-alloy  steel  151ChSNB.  In  Table 
k  there  is  analogous  data  on  frame  as  a  whole. 

Data  on  expenditure  of  materials  was  obtained  on  the  basis  of  experimental 
designing. 

From  Table  3  it  is  clear  that  prestress  allowed  us  to  reduce  expenditure  of 
aluminum  alloy  on  truss  by  32%  aitd  gave  us  lowering  of  its  overall  weight  of  23%. 
Aluminum  prestressed  truss  turned  out  to  be  5.5  times  lighter  than  normal  steel 
riveted  truss  in  project  of  Giproaviaprcn  [State  Institute  for  the  Design  and 
Planning  of  Aircraft  Plants]  [7]  and  4.3  times  lighter  than  welded  truss  of  NIIPS 
[8].  Such  great  reduction  of  weight  of  aluminum  prestressed  trusses  is  explained 
not  only  as  influence  of  prestress  and  low  volumetric  weight  of  aluninun  alloy, 
but  also  sharp  decrease  of  weight  of  enclosing  structures. 

Comparison  of  expenditure  of  materials  and  weight  of  transverse  fx-ames  as  a 
whole  (Table  4}  reveals  concurrent  capability  of  combined  prestressed  transverse 
frame  with  alxmdnum  croesbar-truss  and  reinforced  concrete  combined  columns. 

Combined  transverse  frame  with  metallic  crossbar  and  reinforced  concrete 
colimms  quite  completely  and  originally  reveals  positive  peculiarities  of  the 
whole  idea  of  prestress.  But  this  structure  is  not  free  from  deficiencies: 
looation  of  cables  outside  uprights  of  frame  forces  walla  of  building  to  outside 
in  such  a  manner  that  cables  turned  out  to  be  inside  building  (walls  here  are 
expediently  suspended  from  consoles  of  trusses),  but  in  this  case  sise  of  building 
may  be  vBwiuly  increased,  or  it  becomes  necessary  to  take  special  measures  for 
protection  of  cables  from  atmospheric  influences  with  location  of  them  outside 
building. 


'Hible  3*  Weight  of  Truee-Croeeber  of  FrsDO  With  Span  of  60  b 


Truss 

Enclosing 

etructures 

Weight 

t 

% 

Without  prestress,  from 
steel  15KhSND,  riveted 
according  to  design  of 

Gi  proa  via  prom 

Steel  flooring 
td.th  light  heater 

70 

100 

The  saae,  welded  accor¬ 
ding  to  design  of  NIIPS 

Reinforced  con¬ 
crete  plates  heat- 

ed  by  I'oarvy  cement 

54.76 

78 

Without  prestresSf  frcr 
alloy  D16-T,  riveted 

IVo-layered  alu- 
inuB  plates  heated 
by  foam  plastic 

l6.6 

24 

1 

Prestressed,  fron 
alloy  D16-T,  riveted 

The  same 

12.7» 

♦Including  2»U5  t  of  steel  cable. 


Table  4.  Weight  of  Transverse  Praues  With  Span  of  60  b 


Weight,  in  t 

Frame 

Girder 

ColvSBll 

Frame 

Without  prestress,  all  of  steel 
l^KhSND,  truss  riveted  according 
to  desired  of  Gi  proa  via  prona  .  . 

70 

22 

144 

Without  prestress,  all  of  steel 
15KhSND,  truss  welded  according 
to  design  of  NIIPS  . 

54.76 

22 

98.76 

Without  prestress,  truss  from 
alloy  D16-T,  colvasna  of  steel 
15KhSND  . 

16.6 

19 

54.6 

Prestressed,  ccnblned  (truss 
from  alloy  D16-T.  reinforced 
concrete  colions) . 

12.7 

1 

21 

53.7 

4.  Conclusions 


1.  Prestress  is  in  principle  a  new,  effective  means  of  saving  material 

and  control  of  stresses  and  deformations  of  open  structures  from  aluminum  alloys. 
The  most  valuaole  results  of  prestrese  of  aluminum  structures  -  possibility  of 
control  of  deformations  and  lowering  of  weight. 

2.  Technico-economic  effect  of  prestress  of  ofien  aluminum  structures  is 
caused  by  artificial  creation  of  initial  state  of  strain  of  reverse  sign  by  means 
of  tension  of  high-strength  steel  fittirij^  *,  Straining  elements  should  be  aisposed 
in  such  a  way  that  in  process  of  prestress  in  all  or  in  majority  of  beams  of 
structure  there  appear  stresses  of  reverse  sign.  Therefore,  there  should  be 
reconanended  for  application  in  cover!  ■’s  of  indi"  urial  buildings  trasses  with  ties 
and  struts  extending  beyond  th  limits  of  bw-^ic  structure:  trusses  with  "tied 
arch,'  strutted  trusses,  truss-crossbars  of  combined  transverse  frames. 

3.  Positive  economic  effev  of  application  of  prestressed  trusses  from 
aluminum  alloys  increases  with  increase  of  spans  of  9tructu]*es. 

4.  The  most  favorable  pros  aects  are  offered  by  prestress  of  combined 
structures  from  aluminum,  hip"* -strength  steel,  and  reinforced  concrete. 


Literature 


1.  B.  A,  Speranskiy.  Steel  prestressed  trusses  of  industrial  buildings 
and  structures,  'Industrial  construction,"  No.  10,  I960, 

2.  S.  M.  Klepikov.  Prestressing  of  steei  rods.  Institute  of  Construction 
Mechanics  c.**  the  Ukrainian  Academy  of  Sciences,  Applied  Mechanics,''  Volianc  III, 
Issue  4,  1957. 

3.  P.  A,  Sper -nskiy,  G,  N,  Shavshukova,  and  Ya.  I.  Ol'kov.  Methods  of 
prestressinr  steel  structures  with  atraininr  elements  of  nigh -strength  steels, 
NIIPs,  ‘Designing  and  construction  industrial  buildings  and  structures,'  Collection 
of  articles  No.  5  Cosstreyisdat,  1961. 

4.  V.  P.  Sukhanov  and  F.  F.  Tampion.  Investigation  of  weight  of  roof 
trusses  from  alucdnum  alloys,  NIIPS,  Collection  of  articles  i*ic.  5,  Gosstroyiadat , 
I9bl. 


5.  S.  A.  Popov.  Designing  of  structures  fran  elundnum,  Goestrojisdat,  1960. 

c  B.  A.  Spsrtnskl/f  and  F.  F.  Tluiplon.  Plreatressed  aliaainuB  structures  of 
large-span  with  uj^r-sus pension  cranes,  NIIPS,  "Designing  and  construction  of 
industrial  buildings  and  structux*es, "  Coliaction  of  articles  No.  5,  Gosstroylzdat, 
1961, 


7.  D.  M.  Shinkarev.  Assenbling  of  fraaswoi^c  of  building  with  span  of  60  a, 
Glavstal' konst ruktsiya.  Bulletin  of  technical  infomatlon  No  5  (9),  1957. 

B.  B.  A.  Speranskiy.  Structural  diagraas  of  large-spans  of  Indttstrial 
buildings  with  upper-suspension  cranes,  NUPS,  "Designing  and  construction  of 
ind\istrial  buildings  and  structures,"  Collection  of  articles  No.  2,  Gosstroyizdat, 
1960. 


ON  QUESTION  OF  DETERMINATION  OF  COST  OF  PRESSED  PROFIUSS 

FOR  BUILDING  PARTS 

N.  G.  Malinina,  Engineer 

One  of  basic  obstacles  to  wide  application  of  aluminum  parts  in  construction 
remains  their  high  cos^.  Cost  of  metal  constitutes  a  very  large  pert  of  cost  of 
aluminum  structures. 

One  of  methods  of  lowering  cost  of  structures  frcm  aluminian  alloys  is  selection 
of  the  most  econooical  pressed  profiles. 

According  to  aluminum  factories  the  cost  of  1  t  of  pressed  profiles  similar 
in  assignment  to  profiles  for  building  parts  varies  within  considerable  limits 
(to  5  times  and  more,  and  labon-consuningness  to  20  times). 

Baiic  technological  factor  affecting  cost  and  labor-consumingneps  of  manu¬ 
facture  of  profile  frcm  aluminum  alley  are:  brand  of  alloy,  transverse  and  longi¬ 
tudinal  gecaetry  of  profile,  method  of  pressing,  tools,  heat  treatment,  productivity 
of  press,  size  of  order,  and  several  others. 

Not  remaining  on  description  of  technological  process  of  production  of  profiles 
frun  aluminum  alloys  by  pressing,  description  of  which  is  given  in  a  number  of 
literary  sources  [1]  and  [2],  the  attention  of  designers  should  be  turned  to 
beiewHnentioned  conditions: 

1.  Productivity  of  process  first  of  all  depends  on  given  output  speed  of 
metal  through  die  and  on  method  of  pressing. 


Especially  high  productivity  is  obtained  by  heavy  press  with  pressing  of 
pi'ofile  in  die  with  several  holes. 

Least  productivity  is  obtained  by  press  with  pressing  of  profiles  of  variable 
section  (method  of  pressing  in  conbined  die)  and  hollcw  profiles  with  application 
of  die  with  protruding  ridge  (in  factories  this  is  called  "tongue die”). 

2.  Labor-consuming  nature  of  strai^tening  operation  of  longitudinal  and 
especially  transverse  geometry  first  of  all  depends  on  configuration  of  profile, 
and  then  on  grade  of  alloy. 

Correction  of  longitudinal  geometry  by  ejcteneion  on  expansible  machL^is  is 
the  most  productive  method  of  straightening  and  ensures  accuiacy  of  l^jagitudinal 
geometry  on  order  of  1-2  mm  per  1  running  meter. 

Distortions  of  geometry  of  cross  section  are  straightened  on  x^lle:  machine 
manually.  If  profile  has  large  distortions,  this  operation  can  exceed,  in  labcr- 
consiB&ption,  all  remaining  operations. 

Profiles  with  various  thicknesses  of  wall  and  flanges  during  probsing  have 
very  largo  distortions  of  longitudinal  geometry  (profile  emerges  twisted),  since 
m(9tal  in  cuts  of  die  of  different  thickness  flows  with  different  speed. 

3.  Expenditures  on  tool  (equipment  of  working  part  of  press)  and  their  share 
in  workshop  prime  cost  of  profile  vary  within  significant  limits  (from  2  to  50^ 
and  more),  depending  upon  method  of  manufacture,  type  of  tool,  and  else  of  order. 

Considering  high  cost  of  tool  prepared  from  expansive  high-str«ngth  steels, 
designers,  especially  in  initial  period  of  mastering  of  production  and  introduction 
of  aluminum  into  building  practice,  have  to  etrive  to  apply  the  most  econoadcal 
maso  profiles,  resorting,  in  exceptional  cases,  to  section  of  profile  which  is 
complicated  in  methods  of  manufacture. 

Analysis  of  technological  charts  on  manufacturs  of  dlffe3:wit  profiles  in 
factories  of  the  aluminum  industry  (analogous  in  assignment  to  profiles  of  the 

building  assortment)  al3.owed  us  to  outline  a  number  of  coefficients,  with  help  of 
which  it  is  possible  to  consider,  with  variant  designing  of  structures,  the  influence 


of  separate  above-indicated  factors  on  labor  consumption  and  cost  of  profile. 

Coefficients  offered  in  this  article  for  labor-consumption  and  coat  (kjp 
^  ahould  be  considered  as  coefficients  of  first  approximations,  idiich 

v  * 

will  be  subjected  to  more  precise  determination  in  process  of  further  accumulation 
of  experience  and  study  of  technology  of  manufacture  of  pressed  profiles  for 
building  purposes. 

ilC 

Coefficients  Considering  Influence  of  Grade  of  Alloy  (k  ) 

Influence  of  grade  of  alloy  on  laboivconsuming  nature  of  manufacture  of  one 
and  the  same  profile  is  considered  the  coefficient  obtained  as  a  result  of 
comparison  of  labor-consumption  of  manufacture  of  profile  from  different  groups  of 
allojrs  with  labor-consumption  of  manufacture  of  profile  from  duralunin  D16-T, 
taken  as  one. 


MC 


Coefficients  of  labor-consumption 
Profile  from  alloy:  ^  TP 

duralumin  of  type  D16-T  .  1 

types  AV  and  AD . 0.7 

magnalium  group  of  type  AMg6-T  1.1 

the  same,  type  AMg61 . 1»4 

Cost  Coefficients  Depending  on  Grade  of  Alloy 


Blank  from  alloy  ingot: 

D16-T  . 

AV-Tl  . 

AD31-1  . 

AMg6— T  ..... 
AMg6l  . 


k 


MC 

CT 


1 

1.18 

1.21 


1.34 

1.50 


Coefficients  Considering  Influence  of  Confijniration  of  Prof ile  ( ) 
Influence  of  transverse  geometry  of  profile  on  laboivconsuming  nature  of  its 


manufacture  can  be  detemlned  by  means  of  comparison  of  labor-consumption  of 
manufacture  of  given  profile  with  labor-consumption  of  manufacture  of  profile 
taken  as  standard. 

From  analysis  of  structures  of  experimental  designing  and  from  recommendation 
of  technologists  of  factories  preparing  profile  metal,  as  a  standard  for  determina¬ 
tion  of  technological  effectiveness  we  take  profile  of  angular  section  with 
dimensions  125  X  125  X  10  mn  (area  of  cross  section,  24.11  cm2). 

Having  grouped  profiles  by  principle  of  influence  of  transverse  geometry  on 
labor-consmoing  nature  of  process  of  their  manufacture  into  six  basic  groups,  we 
calculated,  in  order  of  first  approximation,  the  coefficients  of  technological 
effectiveness  of  profiles  in  respect  to  labor-constmption  k  ^  and  cost  of  treat¬ 
ment  of  profile  k^^  (Table  l). 

Here  one  should  consider  that  coefflclmts  k and  k  are  not  proportional  > 
since  cost  coefficient  of  technological  effectiveness  considers  influence  of  a 
number  of  factors  not  depending  on  and  not  proportional  to  amounts  of  labor 
expenditures;  these  are:  expenditure  on  electric  power,  on  manufacture  of  tool, 
on  package,  on  packing  etc. 

For  profiles  prepared  frcm  an  alley  other  than  group  of  alloys  of  type  D16-T, 

k  and  k  ^  have  to  be  multiplied  by  correspon  iiiig  coefficients  k  and  k 

Tp  CT  Li 

depending  on  grade  of  alloy. 

For  tentative  cal  'olatlon  of  cost  of  profile  with  variant  of  designing.  It 
is  necessary  in  design  calculation  of  cost  of  manufacture  of  profile  taken  as 
standard,  to  intz*oduce  recommended  coefficients  corresponding  to  that  giroup  of 
profiles  to  which  planned  profile,  belongs,  and  to  that  alloy  from  which  structure 
is  to  be  built. 

Depending  upon  alloy,  in  calculation  the  percentage  of  yield  of  suitable  metal 
of  semifinished  product  changes.* 

*Data  on  change  of  percentage  of  yiaxl  of  suitable  metal,  depending  upon  grade 
of  alloy,  technological  group  of  profile,  and  area  of  cross  section  of  profile  (within 

each  group,  are  not  giver,  in  this  article. 


Table  1.  Coefficients  of  Labor-Consumpticm  and  Cost  of  Different  Groups  of 
Profiles  From  Alloy  D16-T,  Depending  on  Technological  Factors 


Characteristic  of  group  of  profiles 

|Coefficient 
of  labor- 
consumptiot 

w  ^ 

K  fp 

Cost 

coeffi¬ 

cient 

k 

standard 

I 

Comer  profile  125  X  125  X  10  ram  , 

1 

1 

1 

Comer  profiles,  tees  with  thick- 
ness  of  wall  of  5-10  ram  . 

1.35 

1.25 

II 

Beaded  comer  profiles,  type  of 
channels  and  I-beam  with  thickness  of 
wall: 

more  than  10  ram  . 

1.5 

1.35 

III 

less  than  10  mm  . 

1.8 

1.5—2 

IV 

Profiles  with  different  thicknesses 

1 

j 

of  elements  of  section  ....... 

3 

2—2.5 

V  1 

Profiles  with  large  scattering  of 
dimensions  of  elements  of  section  .  . 

3.6 

2.5—3 

71 

Tliin-walled  profiles  of  box-like 
section  and  tubing  . 

5  i 

1 

3—5 

By  the  shown  method,  for  instance,  there  was  calculated  cost  of  1  t  of  profile 
of  group  III  from  alloy  AMg6. 

Results  of  comparison  of  its  cost  and  cost  of  standard  profile  are  given  in 
Table  2.  If  one  vsre  to  consider  that  expenditures  on  metal  constitute  nearly  10% 
of  cost  of  building  part  concerned,  it  is  possible  tc  assune  that  planned  structure 
will  be  almost  i>^%  more  expensive  than  structure  from  angle  metal  in  alloy  D16>T. 

Data  given  in  Tables  1  and  2  are  tentative  and  will  change  in  time  with 
improvement  of  technology  of  manufacture  of  profiles,  increase  of  wages,  reduction 
of  cost  of  ingots  and  of  different  grades  of  alloys.  However,  given  method  of 
calculation  of  cost  of  pressed  profiles  is  valid  with  other  values  of  coefficients 
and  relative  costs  given  in  this  article. 


_ ; 


Ootpiit  coot  (stm  of  itons  3>9) 
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